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INTRODUCTION. 



VITAL Statistics may be defined as the sfieaep^-o^ 
numbers applied to the life-history of commun^i^. 
and nations; and in the following pages the chie? Vtatis/ 
tical facts concerning the various phases and stages of fiie' 
will be in turn presented. The subject naturally divides 
itself into two sections: first, the sources of information, 
as the census enumerations, registration of births, marriages, 
sickness, death, etc.; and second, the information derived 
from these sources, which will be discussed in detail in the 
following pages. (See table of contents, pages vii.-xii.) 

As the scope of a science widens, it is generally found 
necessary sooner or later to adopt numerical standards 
of comparison. In medical science this is found to be 
especially necessary, though perhaps in no other science 
is the diflBculty of exact numerical statement so great. 
The value of experience^ founded on an accumulation of 
individual facts, varies greatly according to the chai*acter 
of the observer. As Dr. Guy has put it: "The soiiutimca 
of the cautious is the often of the sanguine, the always of 
the empiric, and the never of the sceptic; while the num- 
bers 1, 10, 100, and 10,000 have but one meaning for all 
mankind.". 

The variable accuracy of individual observers makes us 




distrustful of generalities founded on imperfect reasoniuf; 

or defective facts, and necessitates the use of figures, Ex- 

])erieiice tells us that a certain event is to be expected, 

while the numerical method can tell us how often it is 

to be expected. It is Bometimes said that statistics may 

lu- inadf to prove anytJdng ; and no doubt they may be 

• . ■. ;uiat^iflfli^tf(E in Buch a. manner as to make it difficult to 

": '•.• - detect the' fallacies involved in their abuse. But this 

■'*. I ignhfralh; or unscrupulous abuse of figures does not dis- 

*■'_' '"er^dCt- their legitimate use, and that they have a very 

V '.•: .'.ti^iJcvtpsiX^nd perfectly trustworthy application to medical 

facts will be abundantly shown in the following pages. 



PREFACE TO NEW EDITION. 



THE steady demand for this work since the first edition 
was published in 1889, and the numerous inquiiies 
that I have during the last two years received as to when 
a new edition would be ready, sufficiently indicate that 
it has fulfilled a useful purpose among those for whom it 
was specially intended — viz. medical oflBcers of health and 
medical practitioners studying for a diploma in public 
health — and that it may in the future be even more widely 
usefuL I take this opportunity of expressing my thanks to 
many of the above, and to correspondents in the United 
States and in foreign countries, who have shown their 
interest in the book, and have made su^estions of improve- 
ments which have been utilized in the preparation of the 
present edition. 

The present edition forms an almost entirely new lx)ok, 
although its general plan remains as hitherto. It diffei-s 
from former editions in regard to both omissions and 
additions. Much fewer statistical tables are inserted, it 
being assumed that the reader has access to the last annual 
report and annual summary of the English Eegistrar-General, 
as well as the last decennial supplement, on which an Eng- 
lish text-book of vital statistics must necessarily be based. 
A number of foreign statistical tables have been inserted for 
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comparative purpOBes, as these are much more difficult of 
access to most readers. The esact method of construction 
of a life-table has been given, ao that any medical officer 
of health may be able, by means of the instructions here 
giveu, to form a local life-table. 

In various parts of the book will be found critical 
observations on commonly employed statistical methods, and 
discussions of problems of public health which lend them- 
selves to statistical treatment. These, it is hoped, will 
increase the interest and_ value of the book, and lead to 
local investigations of disease on similar lines. 

In a work involving such a mass of statistics it cannot 
Ite expected that no errors have crept in. It is believed, 
however, that these are very few. The author will be 
grateful for an intimation as to any such errors that may 
be detected, 

ARTHUR NEWSIIOLMK 



11, Qloucbhter Place, Brichtok, 
April 2SfA, 139e. 
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CHAPTER I. 
POPULATION. 

TO obtain correct and complete vital statistics it is essential 
to have (1) a correct enumeration of the population classified 
according to age, sex, occupation, etc.; and (2) a complete and 
accurate registration of births and deaths and other important 
events in the life-history of individuals, as marriages and sickness, 
classilied on the same basis as the statistics of po])uIiition. 

An accurate estimate of population is tlie lirst desideratum, 
for population fonus the natural basis of all Vitid statistics. In 
comparing different communities it is necessary to state tlie deaths 
and other statistical data in terms of the population, otherwise no 
true comparison can be instituted. 

The actual population is known only by census enumerations. 
For the years intervening between two census enumerations esti- 
mates of the population are made. 

The first complete census of modem times was taken in the 
year 1751 in Sweden. In England the first census was in 1801, 
and then decennially, the tenth being taken on April 6th, 1891. 
The first census, in 1801, showed the number of males and females 
of each house and family, and the occupation, classified roughly 
as agricultural, trading, and others not comprised under these two 
heads. In 1821 information was first sought as to ages, but it 
was left optional whether this information should be furnished or 
not. The first census which could be described as fairly complete 
was that of 1851, which was organized under Dr. Farr's super- 
vision. It obtained information as to occupation, birthplace, 
relationship (husband, wife, etc.), civil condition (married, widow, 

B 
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baclielor, etc.), ami lliu uuiiiljet uf persLnia deaf and dumb or 
liliod. At tills census, under the powers given hy the Census 
Act, the precise age at last birthday of each person in the country 
WHS first demanded. 

Ill the ci-nsus rep<irt of 1881 the age and sex distribution 
of tlie giopulatioii of each iirlian and rural sanitiiry autliority, aa 
constituted that year, was given for the first time. 

At the ceruuB of 1891 the schedule coutaiued such new topics 
of inquiry as the number of rooms and of their occupants in all 
tenements with leas than live rooms, and the important occupa- 
tional distinction between masters and men, and those working on 
their own account and without subordinates. 

Errors in Censos Data, hjnorance of adulU a» to their precise 
age. Many adults are ignorant of their exact age. Dr. Ogle 
states tliat " not improbably the greater num1x!r of adults do not 
know their precise age, and can only state it appro xin lately."* 
There ia a great tendency to return ages as some exact multiple of 
ten, when really a year or two on one side or other of the precise 
iigtire (30, 40, 50, etc.). For this reason decennial age-periods are 
preferable in calculating death-rates, and 25-35, 35-45, etc., should 
be chosen in preference to 30-40, 40-50, etc. This tendency 
does n<it appear until adult life, and quinqueimia can therefore be 
safely used up to the age of 35 years. Tlie ignorances of many 
adults as to their exact aga and the consequent concentration 
on muitijjlea of ten is clearly shown in Fig, l.t 

Untrnd worthiness of Ages of Young CliUihea. Among cluldien 
under 5 years of age the vagueness with which parents use the 
terms "one year old," "two years old," etc., when the children 
arc only in their first or second year respectively, is a cause of 
considerable error. 

Wilfid MissfaieweTit of Age occurs more especially among women; 
thus at every censns the young women of 20 to 25 years of age 
have invariably been more numerous than were the girls i^ed 10 to 
15 at tilt! immediately preccLting census. This is clearly bro^ht 

' Dr. Oolk's Gtneral Cenitu Report, 1891, vol, iv. p. 27. For fiirtliet 
particnl&m on this mlject Dr. Ogle'a report, which is suniniariB«d aiwivc, 
Bbould be oousalted. 

t Taken from a paper by Mr. R. H. Rookkr, m.a. , on " Modes of Cenaas 
TsktDg ID the British Dominions," Jour. Soyal Slatiit, Sac, Jnne, 1891. 
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in Fig. 2,* wliicli shows the much greater excess of females 
r males aged 20 to 30, even after allowance is made for the 
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Fm, 2. — KxL'e^ of Feaialus over Uul^s at eich Age at tLe Census of 
Euglwid aad Walca, 1891. 

PhyMenl Infirmittes are a]>l for obvious reasons to be understated. 
The schedule confines itself to blindness, deafnees, and mental 
derangement, hut in reR]>ctt o£ all three tlie difficulty of fixing a 
standard of degree of impairment neoe-saitating a return, aa well 
as the general unwillingness of pereons to admit tbe existence of 
any serious infirmity, make the results very inaccurate. 



' From Mr, IIooKen's paper, Jour. Slntinf. Soc, vol. Ivii. part ii. 
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The most serious error, however, occurs in regard to occupations. 
Thus master and servant are commonly confused. luHhe census 
schedule of 1891 three new columns were placed, headed respec- 
tively " employer," " employed," and ** neither employer nor 
employed," hut the results obtained from this attempt at classifi- 
cation are regarded hy Dr. Ogle as very untrustworthy.* 

Estimates of Fopnlation require to be made in the intervals 
between each census and the next succeeding one. Several 
methods of varying accuracy have been proposed. 

1. The natural increase, that is, the excess of births over deaths 
sinoe the last census, being known, it would theoretically be possible, 
if one knew the amount of emigration and immigration, to state 
the population in any given year. In this country accurate infor- 
mation as to migration has not hitherto been available ; and it is 
diflficult to conceive tliat such information can ever become avail- 
able under modem conditions of life in respect of the inter- 
migmtion which occurs between the commumties in different parts 
of- the country. 

2. The population at the census enumerations in April, 1881 
and 1891, being known, it is assumed that the rate of increase is 
in arithmetical progression; i.e., that the 8aw?e annual inn-ease 
oontinaes during each year. Thus, given a population in April, 
1881, of 32,000, in April, 1891, of 36,000, to find the mean 
population in 1898. 

36000 - 32000 



10 
400 



= 400 = annual increase. 



= 100 = increase from April to Midsummer. 
4 

Therefore mean population in 1898 = 36000 + 400 x 7 + 100 

= 38900. 

This method is most fallacious, as it makes no allowance for 
the increased number of parents year l)y year, owing to steadily- 
increasing numbers who year by year attain marriageable age. It 
assumes, in other words, simple interest when compound interest 
is really in action. 

3. The Registrar-General's method, the one generally adopted, 
assumes that the same rate of increase will hold good as in the 

* Census Report, 1891, vol. iv. p. 36. 
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previous iiiteruensai jieriiMl, tlmt is, that the i>opiiiation increases 
in geometrical progresswn. 

TtiB problem is therefore oue in com]K)und interest. 
Let the not annual rate of increaiw jmr unit of iiu]>ulalion ha 
represented by r. Then 1 at the beginning of ft year will he 1 +r 
at tlio end of the same year or tlie bej^nning of tlie next year. 
Siuiilnrly, if the same rate of increase continue, ttie 

population at the end of the 2nd year = (I + i-)\ 
II I- n 3ni year = (l +r)*, 

nthyear = (I+)>. 
If we commence with popuhttioii P, the jiopulatiou at the end 
of thewthyeftr = P(l+r)". 

The I'ahie of r can ho aacertained if we know the population at 
the two last consecutive eenaUB enumerations. 
T)ius if T' = population at the cenana 1891, 
P - „ „ „ 1881, 

P~P(1 +)■}"'. 

Taking tiic logarithm of each side of tlie eqiiation, 
log. P'^ log. P+IOlog. (l+r), 
.■.log.(l-i-;-) = ,V(h>g.F-log./').- 
Wlipnco 1 + r is easily ohtaineil from a tahle of logs. 
I'or example, if the census jwpulation of a town is 32,000 in 
1881, and 36,000 hi 1891, what is the mean population in 1895! 
(a) First jtiul the rate of iurretm in 1881-91. 
Here P= 32000, P" = 36000, 
log. i' = log. 36000 = 4-556303, 
log. P =log. 32000 = 4-505150, 
log, P- log. f= 051 153, 
,V(Iog i"-Iog P) = -0051153 = log. l+r. 
{'') -"'/'y'y """ '" '^^ i'U-.reaee in the next H i/pam. 
HereP = P(l+r)V- 

(1«05) (ISBIJ 

log. P= log. 36000+ V l"g. (I ■< '■), 

= 4-556303 + V (-0051153), 
= 4 556303 + -0217400, 
- 4-578043. 
And from the tjihle of logs, the population correspond ing to 
this number — 37848 = i>opiilation at the middle of 1895. 
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[ It must be remcinbereil that the Tuean pij//uliifiini uf the your ii 
) tlie basis of calciilatiou of uicirUlity and other mtcs, 
ivolves an estimate, even in the census year, for the three 
mths between the census and midsummer. It woulil thei'pfora ' 
i advantf^cous to have the cenaus enumomtions at the end of i 
ptine as well as to have them more frequently. 

I 4. The results obtainwl by the last methotl mny be to sume 
hrtciit checked for any given district by nscertaining the numlier 
^f ifAahUed houees for the year from the assessraent iMwks, and 
then multiplying this by the average number of inhabitants hi 
each house, as ascertained at the last census. This method, 
although it forms n useful check on the preceding method, in- 
volves the fallacy that new houses may be of a different class from 
those previously in existence, and may therefore have a ditferent 
namber of occupants. 

fi. If we asmme that the liirth-raie per 1000 inhahitante remaitia 

/airly eorutatU, an additional means of checking the pnpnlatinn is 

obtained, llie number of re.gistei'ed hirths in a district in a given 

r being known, it is only necessary to cnlcuIaU^ the ]iopulation 

a the basis of the birth-rate known to have held good during the 

IS year. This method is Incoming less reliable, owing to 

! decline in the birtli-rate. In 189o the hirth-rat« in England 

Wales was 30-4, as compare^l with 31 4 in 1891. Tlie 

mber of hirths registered in England and Wales in 1895 having 

IWn 922,291, the population in tliot year, on the basis of the 

rth-rate in 1891, would be 

922291 X 1000 



31-4 



29373248, 



s the estiiaated population hased on tlie RegiBtrai<Jenerars 
Mthod of calculation (page 6) was 30,383,047. The birth-rate, 
' nrever, still gives a viduuble clue to errors in the estimated 
>pu]ations of large towns. If the deviation from the birth-rate 
r the preceding ten or fifteen years is greater in any given year 
man in the immediately preceding years, there is strong reason for 
(inspecting that the estimate of population is incorrect, unless 
great changes in the industrial condition of a comnmnity can be 
,. adduced in explanation of the anomaly. 

Similar objections may be ui^ed against estimates based 
turns of school-attendance, as the proportion of children 
ol-ages will follow the births of preceding yeais. 
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VITAL ST.VnSTICS. 



OritlciBm of tlie Official " EBtimates." The assumption thnt 
till! same rale of increuse lioltl.s j^uod tn two euccessive deceunial 
periods appears to be, midor present eonditions in this country, 
the least unsatisfactory basis for estimation of the [rapulntion 
ill an iatercensal year. But it frequently gives unsatisfocloty 
reaulta, whether apiiUed to the whole country, or to particular 
ooninmnitieH in it, Tlius the decennial rate of increase of the 
English population in the ten periods elapsing since the lirst 
census in 1801 has been U-0, 18-1, 15-8, 145, 12-9, 11-9, 13-2, 
14'4, and 11-6 per cent, respectively. Hod the rate of increase in 
1881-91 remained as in 1871-81 the population of England 
and Wales would have increased from 26,974,439, in 1881. to 
29,704,468, instead of to 20,002,525, the population enumerated 
in 1891, The figures for great towns bring out much more 
strikingly tlie errors that nuiy arise from the assumption that 
the same rate of iiieretise continues as in the previous decennium. 
Thus at the census of 1891 the popidution of Salford wub found 
to l>e 20'9 per cent, lielow the estimate baaed on the rate of 
increase in 1871-81 ; that of I.iverjwol 16'6 per cent., and of 
Nottingham 15'6 jier cent below the corresponding estimate; 
while at the opiKwite extreme the population of Ncwaistlo-upon- 
Tyne was 13-6 per cent, above, and of Portsmouth I0-9 per cent. 
a1)ove the estimate. The above are extreme instances ; but the 
method is open to objection, even when the error is of smatler 
magnitude. The proper remedy is more frequent euumemtions of 
po])uIalion. 

A QuilVliieiialal Oenins would go far to remedy the present 
uncertainties. Such a census is practised in France and Germany 
(trienniol in some fierman states), in New Zealand, Queensland, 
Monitolia, nnd the North-WesUirn territory of Canada, as well as 
in mauy of the states and several territories of the American 
republic. It is true that thui^ are not as powerful reo^ions for 
a quinquennial census as on the Continent, where it ia required 
for military purposes ; nor is there the same necessity as in many 
American states, where the increment of population is by leaps 
and bounds, and not steadily, as in most parts of oiu- own country. 
Still, however, there are very strong reasons why a quinquennial 
census should be adopted, tho chief one being that comparative 
vitol stotiatics de]>cnd for their accuracy on estimates or enumer- 
ations of population, and that estimates necessarily become less 
trustworthy the more remote they ore from euumeratioiis. 
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Vital statistics furnish the basis on which sanitary reforms rest, 
especially in regard to legislation. Dr. Fan may in this sense be 
called the father of sanitary science. There are also political 
reasons for a quinquennial census, as political representation for 
both imperial and local purposes is likely to be based in future on 
a more strictly numerical basis. In addition, a more frequent 
census would lead to the work being better done, owing to less 
difficulty in collecting a sufficient staff of intelligent enumerators 
and greater experience on their part. The chief objection is the 
expense of the enumeration. In 1881 the census for Great 
Britain and Ireland cost approximately £185,000, or about five 
guineas per 1000 of enumerated population. There is little 
doubt that this expense of each enumeration might be reduced by 
more frequent enumerations, but if not, the value of the results 
obtained would abundantly justify the double expenditure on 
the present basis. In the report presented to both Houses of 
Parliament in 1890 by the Committee appointed by the Treasury 
to inquire »into certain questions connected with the taking of the 
census, it was recommended " that the number of the population 
and its distribution as regards age and sex 1m5 ascertained midway 
between the decennial periods at which a full census is taken," 
but unfortunately this recommendation has not been acted upon 
in 1896, except for London, on the initiative of the London 
County Council. This intennediate London census is rendered 
much less valuable by the absence of information as to the age 
and sex of the population. 

Effects of Migration on Fopnlation. The relative effect of 
the two factors governing the increase of population in England — 
natural increase and migration — may be seen from the following 
figures from the Census Report, 1891, vol. iv. pp. 5-6 : — 



Intercenaal 
Period. 


Incrtose per 

cent, by 

Births. 


Decrease per 
cent, by 
Deaths. 


Gain per cent. 

by excess of 

Births over 

Deaths, or 

Natural 

Increase. 


Gain per 

cent, as 

determined 

by Actual 

Enumeration 


Ditference, 

being loss or 

gain by excess 

of Emigration 

over 
Immigration, 

or of 
Immigration 

over 
Emigration. 


1841-51 
1851-61 
1861-71 
1871-81 
1881-91 


34-64 
36-19 
37-56 
37-89 
34*24 


23-73 
23-58 
23-98 
22-80 
20 27 


10-91 
12-61 
13-58 
1509 
13-97 


12-89 
11-93 
13-19 
14-36 
11-66 


+ 1 98 
-0-68 
-0-39 
-0-73 
-2 31 



VITAL STATISTICS. 

With the exception wf the first period the natural increase was 
greater than the autunl iaerense ut population, and emigrution was 
in excesa of imraigratiDU. Tlie decline of natural increase in 1881— 
91, as CDtnpiu'ed with 1871-81, is due to a lowereil birth-rate and 
not to iiiereosetl mortality, the mean luinual death-mte in 1881-91 
having been lower tlian in any earlier decenniuin on record. 

It is unfortunate that there arc no accurate means of deter- 
mining in what degree the increased loss by excess of emigrants 
over immigrants in 1881-91 was due to increased emigration, 
or in what degree, if any, to dirainiahed immigration.* In Ireland 
there ia a special machinery for collecting emigration returns, and 
from these returns, comhiued with the l>alaiiee of hirths over 
deaths, an estimate very near the truth can be ohtained, 

IntomaJ Uigration. In urban districts with lixed boundaries 
the a.s.^iiinption that the rate of increase of the preceding decen- 
nium will continue bi'comcs less accurate in projiortion to the 
extent in which the area of the districts in question becomes 
covered by houses. Thus the population of the County of 
London increased at the luto of 17'2 i>er cent, in 1871-81, at the 
rate of 10'3 per cent, in 1881-91. It is highly improbable that 
the increase of the next deccnnium will approach 10 per cent., 
the popuhition having extended in a centrifugal- manner, and 
ovcrstepjied the geographical boundaries of the County of London. 
The present anomalies of parochial parishes, federated into registra- 
tion districts, which often do not coincide with county boundaries, 
require adjustment. It may happen, as in the preceding instance 
and in many eimilar instances for other large towns, that in 
refusing to extend the statistical area of a town whose population 
is rapidly overstepping the municipal boundaries, an area which 
once included the whole of a town finally ioclndes only its centre, 
the statiaticB of the suburbs of the town being arhitrarily separated 
from those of the centre to which they normally Ijelong. 

Migration between Urban and Bnrftl Diatrictfl. It is difficult 
to frame a definition wliich shall satisfactorily distinguish between 
urban and rural districts. Many smalt towns, which form the 
centres of agricultural dietricte, and which have no important 
industries apart from that of the rural population surrounding 
them, are really rural, and not urban in their cliaracteristics. Dr. 
., Jour. Royal SUUiit. Soc., vol. lit. 
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■>C^le {Ceaem Report, 1891, p. 10) projweea two lines of orbitratj ] 
|-diviaion. In the first a pojtulation of 10,000, auil in the second 
F 5000, uonBtiLutes tliv point ut wliicli a town ceases to come 
■under the rural category. According to the first of these stondaids 
Ethe urlxui po|>iiltitioii had grown hy 16-5-1 per cent. Iwtween 1881 
land 1891, while the remitliiing population hod uicreosed by only 
■4*57 per cent. According to tlie second of these ctanditrds tha , 
l.ortnn population had increased by 16'05 per cent., the remaining 
■{population by 3*29 per c?nt If the I.«cal Government divisions 
■Alto urban and rural sanitary districts be taken, the corresponding 
of urban population was 15'4 per cent., of niral popula- 
^tlon 2*98 percent. 

ThuR, whichever standard is adopted, there has been no literal 
■depopulation of rural districts, but only a smaller rate of increase 
lluin in urlmn districts, Somewhat varying results are obtained I 
wlien we classify the counties accoi'ding to the percentile decrease ! 
'a rural population between 1881 and 1891. The greatest decrease 
) shown in Montgomeryshire (11'68 per cent.), Cardiganshire 
9"20 per cent.), Radnorshire (T'58 per cent.), and Flintahire 
tfl-Ol per cent.), Twelve English and eight Welsh counties, out 
f the total 54 (including the three divisions of Yorkshire), show 
Tlie only English counties of any numerical importance 
{which show more than a trifling decline of rural population are 
JLiucolnshire (4'29 per cent.). North and East Ridings of Yorksliiie 
n4'62 and 2'4] per cent.), Cornwall {3-76 per cent.), Bedfordshire 
^■55 per cent), and Wiltshire (2-14 per cent.). 

As illustrative of the migration townwards may l>e adduced the 
'»ct that while in 1801 for every 100 persons in England and 
"Wales there were 10'78 persons in London, this number had in- 
creased in 1891 to 14-53. 

The fact that the population of towns in every country is largely 
leplcnished from runil districts is shown by the following figures.* 
~" it of a thousand inhabitants in each of the fallowing cities the 
mnmber of native-bom persons was as follows : — - 
ClirisUauia 
Budapest . 
Berhn 
Stockholm 
Paris 



Antwerp . 


em 


London , 


629 


H.inburg. . . 


S43 




624 


Gligow . . . 


613 


HOu 


481 


E-ime . . . 


44S 


"The Laws (if Migiotio 


,■' by I 


Jiin«, ISBS, 
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The general rosult is tlmt towns and man ufnctu ring diatricU 
everywhere grow more rsipidly than niral (tislricte. "This is a 
necessary consequence of the rigidly limited amount of land 
available for agrieulture, and the practically nnlimited amount of 
material available for manufacturing processes." * 

Dr. LongstalT has inveatigated the same subject from an inter- 
national standpoint,! '^I'd shows that "for the last forty years in 
every country throughout the world, new and old alike, the towns, 
and especially the large towns, have increased in population more 
rapidly than the rest of the country. . . . The causes, whatever 
they may be, affect alike Celt and Anglo-Saxon, Teuton, Latin, 
and Magyar." There can be little doubt that one chief cause of 
thio tendency for the population to aggregate in towns is the 

C greater pleasure and exciteuient enjoyed by townspeople. Dr. 
Lonf^taff points out that improved communications are the chief 
exciting cause which render this greater urban aggregation practi- 
cable. With the improved means of locomotion must be associated 
the enormously increased use of machinery in every department of 
industry. The fact that com can now be brought from Canada or 
Russia cheaper than it can bo produced in England, tends to the 
same result. Gradually each country is becoming readjusted to 
produce the greatest amount of material at the expenditure of the 
smallest amount of labour, whether it be corn or manufactured 
goods, and the improved means of communication, national and 
international, enable this to be done, almost irrespective of distance, 
and detei-niine the preponderance of urban or rural population. 

fiirth-Places of the Population. Tlie stntistica as to birth- 
places of the population throw much incidental light on the 
question of migration. Thus at the two last enumerations, out of 
every 1 0,000 persona in England and Wales enumerated there were — 

I3lnb-[>la«. In IgSI. In ISSl. 

EiiKlnnd and Wales .... 0,570 ... 9,61* 



10,000 



Ireland 

IslandH ill Briti^li Seu 
BritiBh Colonics or Depfiidonc^ips 
Foreif(ii parts (British subjccta 
foreigners) .... 



' Dr. OcLF on "The AllegHd Depopulation of llic Buial Districts c 

ijlaad," JoKT. StatiM. Soc., June, 1889. 

^ " Rural Depopulation," Jour. Statist. Soe . Sept., 1893. 
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Of the 29,002,525 persons enumerated in this country at the 
last census 961 per 1000 were natives of England and Wales. 
In only nine counties was the actual growth, as shown on 
enumeration, in excess of the natural growth by excess of births 
over deatlis.* Of the natives of England and Wales who were 
in the country at the date of the census 74*86 per cent, were 
enumerated in their native counties, as compared with 74 '04 per 
cent, in 1871. Thus although emigration to foreign countries 
increased enormously between 1881 and 1891, there was, not- 
withstanding increased facilities of communication and greater 
knowledge as to the conditions of life in parts outside their 
immediate localities, no corresponding increase of inter-migration 
within the borders of England and Wales. 

The proportion of Irish in the English population had declined 
by 18*5 per cent, between 1881 and 1891. This has been 
associated with a gradual decline in the population of Ireland 
itself. The proportion of Irish in England and Wales to Irish in 
their own country increased with each census up to 1881 and 
then declined. Thus in 1841 there were 36 Irish in this country 
to 1000 in Ireland iteelf ; in 1851 there were 80; in 1861 there 
were 105 ; in 1871 there were 107 ; in 1881 there were 111 ; in 
1891 there were 100 to every 1000 in Ireland. 

The Scotch element in the English iwpulation has increased 
steadily from 6*5 per 1000 in 1841 to 98 per 1000 of the total 
population of England in 1881. 

Trans-Oceanic Emigration. Mr. Geoffrey Dragef quotes the 
trans-oceanic emigration statistics drawn up by Signor Bodio for 
all European countries during the period 1880-92, and comparing 
these with the enumerated populations of the same countries for 
the years 1889-91, obtains the following estimate of the proportion 
per 1000 lost by the various countries : — 



Country. 


Average 


Proportion per 1000 


Emigration. 


of Population. 


Norway . 


. 18,836 


919 


United Kingdom 


. 247,279 


6 54 


Sweden 


. 30,709 


6-39 


Portugal . 


. 18,901 


3-97 


Denmark . 


8,344 


3-84 


l^^^ , •. • 


. 102,466 


3-37 


Switzerland 


8,007 


274 



* Census Report, 1891, vol. iv. p. 61. 

t "Alien Immigration," Jcur, Statist. Soe., March, 1896. 
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Co„u,.v. 


Kln(K''ralJoli ^ 


or Populalt 


Gernmoj . . 


1'23,B85 ■ 


2-60 


liungary . 
Hollwrf . . 


38,2J8 


2-18 


17,717 


t-2a 


5.107 


1-13 


Aiialria 


83.060 


0-96 


Belgium . . 


4,371 


0-72 


Russia in Eumpe 


58.192 


0-H3 


FmiM . 


10,429 


0-2S 



From the |Joint of view of tlie countriea losing the above 
emigrants the proportion to the total population must be con- 
sidered, and from this standpoint Russia's loss is a negligeable 
amount. From the point of view of the countries receiving the 
migration it is evident that the British, German, Italian, and 
Russian emigrations are of the very first importanue. The moet 
remarkable fact in the preceding table is that, " with the exception 
of the United Kingdom, the countries sending out the largest 
numbers of eniigrante are by no means always those in which the 
population is densest. Germany and Italy certainly stand high 
in the scale of density of popidation, but not so high as Holland 
and Belgium, yet the IJut^h and Belgian emigration is both 
absolutely and relatively small. Norway and Sweden, on the 
other hand, combine an exceptionally heavy emigration with a 
scanty population, and in view of their rapid rate of natural 
increase may be said to be thinly peopled in consequence of this 
drain upon their resources. Freneh emigration is so small as to 
exercise scarcely any appreciable effect, aiid Austri.m emigration, 
though iibsohitely large, scarcely amounts to 1 per 1000 uf the 
population." 



CHAPTER II. 
POPULATION FROM AN INTERNATIONAL STANDPOINT 

THE habitable globe is limited in area. The relative rate of 
natural growth of the population of each country by excess 
of births over deaths has therefore a most important bearing on 
the final race characteristics of the population of the world. 

Fig. 3 shows the average birth-rate and death-rate of the 
different European countries for the five years 1891-95, while 
the distance between the two columns represents the natural 
increase in each country. The countries are arranged in tlie 
order of the magnitude of their annual natural increase, beginning 
with Prussia, in which it was 14*1, and ending with France, in 
which it averaged only '08 per 1000 of the population in the five 
years 1891-95.* 

From the preceding figures it is easy to calculate in how many 
years the population of each country would take to jjouble itself 
by natural increase. 

Here P' = PBT, 
i.e., 2P=PB^, 

n log. B = log. 2, 

^_log. 2_ log. 2 

log. J^ log. (l-hrj* 

In England r= -0118, 

log. 2 -301030 -o , 

. -n==- r^....r. = ^^^^^^ = 59'1 years. 

log. 1-0118 -005093 ^ 

In Prussia the population would double itself by natural 
increase in 49*2 years; in England in 59-1 years; in Italy in 
65*7 years; in Austria in 74-1 years; and in France in 591 years. 

* In Fig. 3 the birth-rate of France should bo 22*4, not 22-6 as given in 
tb^ figure. 
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Prussia 

German Empire 

Netherlands 

Eog. 4 wales 

Denmark 

Scotland 

Italy 
Sweden 
Hungan 
Austria 
Belgium 
Ireland 
France 



INTERNATIONAL STANDPOINT 



17 



These results of natural increase of population are disturbed by 
the effects of migration. It is therefore of interest to ascertain 
the net results as determined by all the factors at work, so far as 
they can be ascertained from historical records.* 

In 1789 the populations of the great European Powers were 
as follows: — 

Millions. 
France 26 



Great Britain and Ireland 
Russia 

German Empire . 
Of which Austria 
Prussia 



12 
25 

28 



18 
5 



In 1815 the relative populations were as follows : — 

MiliioiiM. 

France 29-5 

Great Britain and Ireland .19 

Austria 30 

Prussia 10 

Russia 45 

German Confederation (in wliicli were in- 
cluded parts of Austria and Prussia) . 30 

In 1890 the relative populations ai-e stated by M. IJcrtillon to 
be as follows : — 

Millions. 
. 38 3 

38-1 
. 43-2 

49-4 
. 100 2 
. 305 



France .... 
Great Britain and Ireland 
Austro- Hungary 
Gennan Empire 
Russia in Europe 
Italy . . . . 



The most remarkable contrast shown in the j)reccdinfij tables is 
between Great Britain and Ireland with a population of 12 
millions in 1789 and of 38 millions in 1890, and France with a 
population of 26 millions in 1789 and of only 38 millions in 
1890, not reckoning external colonies in either instiuice. 

Any conclusion from the above purely European figures would 
be erroneous which did not take into account the rapid growth of 
population in North and South America, in Australia, and iu 
Africa. In North America and in Australia, and to a less extent 
in South Africa, this rapidly increasing population is chiefly 
English-speak ing. 



* Levassrur, Annahs ile Demographies 1879, and J. 
EUments dc DimographiCj 1896, p. 8. 

C 
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The increasing proportion bonie by the population of the 
English self-governing colonies tu that of the mother -coiintij 
is shown in the following table arranged b; Dr. LongstafF.* 
The population of the United Kingdom at each census being 
taken as 100, it wiD be seen that the united popidatiou of British 
Nortli America and Austmlosia increased in 50 years from 7 to 



.tiah J 
1 21. I 

i 



The United States of America show the most gigantic 
of population of wliicli wo have records. In 110 years the 
]Ki])idatiDn hoe become multiplied 21 times over. It would not 
be correct to say that the population has n)ultii>lied itself to this 
cxl«nt, as the greater part of the increase is due to imnngration. 

Further particulars ou the Hubjeut of this chaptl^r >ro contuued in 
LoHOHTAfr'N SliidUa in Statislia, ISai, jmjkh 22-168. Thp {lopulation and 
chief vit&l statistics of tlie chief Euroliean coiiDtries are given on pages 
oviii.-cxii. of tlio Fifly-B^kOi Animal Jie/iarl af the JIigiMmr-Oeneral in 
Eit^latul, (ir the corrGBponcIiiig [larta or tha ounimf reports for other years. 

The Bunudl miuniai'j (l>sgD xxviii. ot tho niport fur 1861!) and thi 
corresponiliug quarterly reiiorta and weekly returns of tllo Begiatrar-Gciteral 
give the population and chief vital Rtatistica of 3S citica, of which 33 ar« 
lorelgn, l!.urnpcaii, Anicricuii, Egyptinu, and Indian cities. 



'[••tialia. 1S91, p. 161. 
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CHAPTER III. 
HEOISTEATION OF BIRTHS AND DEATHS, 

TEXT lo a correct eiiinnoration of ^pulation tlie accurate 
and complete rogietnitiuu of births, ntuiTiagos, and deaths 
conetitntes an esscntiiil basia of vital statistics. The question of 
registration of disease will be discuased in the next chapter. 

Twenty-three yeara ago Edmund I'ovkes stated the importance 
of statistics of births and deaths in the foUoning words : " The 
attention now paid to public health is in a large degree owing to 
the careful collection of the atatisticB of births and deaths, and of 
th« unuscs of death, made in England daring the last forty yea 
It may truly be said, indeed, that not only all Europe, but 
gradually the entire world, has beau inSuenced by the work of 
the Registrar-General of England. "VVc are now able to determine 
, with some precisiim the limits of mortality and its causes, and are 

ing led up to the consideration of the causes which bring about 
% bigh deatli-rate." 

' Eistoiy of Begistraitiini. The oSice of Kegistrar-General of 
'and was created in IHSG, and civil registration began as the 
iilt of on Act of Parliament on July Ut. 1837. The firet of 
^e eeries of annual reports of the Kegistror-Goneml was published 
'in 1839, and to this first rt'port Dr. W. Parr, who acted as "Com- 
piler of Aljfltmcts " in the newly created General Register ClUice, 
contributed the first of that long series of letters, addressed to llio 
Registrar-iieneral, on the causes of death in England, with which is 
wrapped up our knowledge of the vital statistics of this country. 

Successive amendment to the law of registration were made, 
and in 1870 a new law was enacteii rendering the registration of 
births and deaths compulsory. 

In the 39j years before registration became compulsory the 
registration of births was defective, the proportion of uniegiatei'ed 
births being estimated at al)out 5 pec cent. Only a small propor- 
tion of deaths wore believed to have escaped registration, though in 
a considerable proportion the medical certificate of cause of death 
was either unsatisfactory or altogether wanting. The returns of 
19 
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1876 bIiow the excellent effect of tlie eoiii]iulaory law. The 
Btated birtli-rate of that year, 36*6 per thoUBaiid, was the highest 
on record, being 1'2 per thousand higher than the average for 
the ten previous years; while the number of iineertifieil deaths 
had greatiy decreased. 

The Law as to the BeglBtration of Births. The Act of 1S36 
provides that tliu fattier or mother of a child, or in default of these 
the " occupier " of the house iii which the child was bom, or each 
person "present at the birth," or the persons "in charge of tho 
child," must give notice to tho registrar within 42 days of its 
hirlli, and sign the register in his presence. 

Tho medical pmctitioner in attendance at the birth may evi- 
dently, in exceptional instances, come ^vithin tlio scope of the 
above requirement. Similarly, if no notice has been given by any- 
one witliin the forty-two days, the registrar may, by notice in 
writing, require the medical man, or other persona present at the 
birth, to attend personally at liis ufhce and give lum tho neceesaiy 
informatioiL Tlie official iuatructions to registrars, however, enjoin 
upon them not to call upon persons present at the birth until they 
have failed to ohtain the information from both tho parents and 
the occupiers; so that, in practice, medical raen are seldom 
troubled in this matter. 

Begistration of Births In relation to Vaccination. The 

Vaccination Act of 1S67 makes it oViUgatory on the registrar at 
or within seven days of the time when a birth is registered to 
give notice to the parent or other responsible person requiring the 
infant to he vaccinated within three months * of its birth, and 
stating particulars as to tlie hours of attendance at and place for 
public vaccination. 

By the Vaccination Act of 1871 every registrar must at least 
once a month transmit to each vaccination olficer, whose district is 
wholly or partly comprised within his registration district, a true 
return of the births and deaths of infants under one year of age 
which have been registered since the last return was made. A 
fee of 2d. is payable for each entry. 

The Law as to Seglstratian of Deaths.! 

"Thu law relating to tin' repistraliun of deatlis in England and 
Wale^ is mainly to liu foimd in the Uegistration Aut, 1H36, as amended 

* Tho VocciuatioiL Act, ISBIJ, alters tliis period to sii montlis. 

t The following partieulors nro talteu chielly from the Report of the Seltet 
Committee of the Home of Coninioni on Death CertiHcation, September, 1 — 
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ythe Births aitd Dealhs Rpgistmtion Act, 1874. Under Soctio:iB 10 
■iMd 11 of lUe ladL-inentioned Act personal iiifonuation of every death 
bu to be given to the registrar or the district within five diiys of its 
occurrvuce by the nearest relatives of the deceased present at the 
dentil or in attendance during the last illnesa. In default of informa- 
tion of the death bein^ given to the registrar by these jiereonH, «uch 
iiiforiiiatiou is to be given Ui Uim bj the other jierMons mentioned in 
the section. Belatives present at the death or in attendance during 
ihe lust illness who fail to comply with these provisions are liable to a 
penalty of 40*. 

"If'^the person required to give information of the death to the 
r^istmr send to him a written notice of its occurrence, oecompanied 
by a medical certificate of its cause, the personal infurniatiun required 
tu be given to the registrar need not lie given within live days, but 
muet be given within fourteen days (sec 12, Act of 1874). 

"The law, however, does not require either notification or registrn- 
tion us a condition precedent to burial or to disposal of tiie body. Il 
is provided, that any person who buries or perfomiH any funeral or 
religious service for the burial of any dean body as to which uo 
coroner's order for burial or registrar's certificate of regislralion or 
of notification has been prodiiced to him, i^hall, subject to a penalty 
of £10 in the event of default, give notice thereof in writing to 
the registrar within seven days. A like penalty is iinposed by Section 
11 of the Burials Act, 18B0 (as expkini^ by Sei'.tion 2 of the Burials 
Act, IHBl), upon the person having charge of or being responsible for 
a burial under that Act (sec. 17, ditto). 

" The r^atrar may register a death — 

I (A.) On the atat«ment of a 'qualified iufonuant' att«ndiug 
personnlly for the purpose, and pruducingn medical certificate of 
tlie cause of death, when tlic deceased has Ixn-.n attended in the 
last illness by a re^tered medical practitioner. When there ha» 
been no such medical attendance the re^strar must accept the 
'qualified informant's' statement oe to the cause of death. 
(B.) On the certificate of the finding of a coroner's jury, where 
an inquest has been held. 
"The registrar is empowered to issiie a certificate to the effect that 
he has I'egjstered or received notice of a death, as the case may be, on 
production of which certificate burial can take place. 

"The certificate is to be issued gratuitously to the jiersun giving 
the information or sending the notice, or in the case of a burial under 
the Act of 1880 to the person having charge of or being responsible 
for the burial (sec. 17, ditto). ■ 

"The person receiving the certificate is bound, under a [«naUy 
of 40i., lo deliver il to the person who buries or performs any funeral 
or religious service for the burial of the deceased (sec. 17, ditU)}. 

"(A.) Reyutmliun of the Oauie of Dcalh on the Statement of a 
Quai\/itd Informant. — Where a person has been attended during his 
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last lllneBs liy a regiatcreci medical jiractitioncr, it is the duty ot ihe 
pnictiliuner to give a certificate atatinK the ca.u»; uf death to tlie licit 
uf his knowledge nnd l>e]ief. If be mils to give a certificate he is 
liable to B penalty of 40i., and if lie mvue a false certificate he is liable, 
oil BumniHry cgnviction, to a fine of £10, or on indictment to seven 
years' imprisonmenL He may, however, refuse to give a certificate on 
reaHOnable grounds {eec 20, ditto). 

"The certificate is to be gi^'eti by the medical man to the person 
required under the Regiatration Act to give information concemiDg 
the death, called the 'qualified informant,' whose dut]' it is to deliver 
it Uj the registrar under a penalty ot 40s. (sec 20, ditto), 

"(B.) Rryiflratioit on the CertificoU of the finding of a Coroner't 
Jiiry.—\ death, may be registered upon the certificate of the coroner, 
who is bound, after the termination of an inquest on any death, 
to send to the registrar such certificate of the finding of the jury 
within five days, the Jury being bound to inquire ot and to find 
the particularB for the time being required by the Begistration Acte to 
be registered concerning the death. Where an inquest has been held 
a medical certificate of the cause of death need nut be given to tlie 
registrar, but the certificate of the finding ot the jury furnished by 
the coroner is sufficient, and the registrar is bound to take the finding 
of the jury in the words of the conmcr, and this finding supeieedes 
any previous certification of the cause of death. The coroner inav 
order burial before registry of the death, but only after inquest, and 
unless an inquest is held there is no power to register a death upon 
the coroner's certificate (sec. 45, ditto). 

" If a registrar becomes aware of a death that has not been regis- 
tered in accordance with the ordinary regulations in that behalf, he 
may, at any time after the expiration ot fourteen days, and within 
twelve months from the day of such death, call upon the person upon 
whom the registration of tne death would have devolved to attend 
before him at a specified time, for the purpose of giving information 
as to Eucli death (sec. 13, ditto). 

"After the lapse ot twelvK months a death can only lie registered 
upon the authority ot the Eegistrar-General (sec. 15, ditto)," 

No fee is payable by the iuformanl; when a birth or death, is 
registereil, unless the registrar is required, in pursuance of a 
written requisition, to attend the private house in which the birth 
or death has occurred, in which citse the informant must pay a foo 
of one shilling. 

Belation of Begistrax to Medical Officer of Health. By sec, 

28 of the Births and Deaths Registmtiou Act, 1874, each urban 
or rural Sanitary Authority can require the Kegistrar of Birdis 
and Deaths to supply returns of the births and deaths within hia 



HEGISTKATION OF lilBTHS AND DEATHS. 23 



I 

Hlirtnct. TIiMo retnnw are usiinlly m&dv weekly, bnt an imiiie- 
XiWatc return can be requirpd of deaths from infectimw ilJHi-aaeH. A 
fee of 2'/. for each return and for each entry of deaths is juyalilo 
Iiy llie Sanitary Authority. The medical officer of Iiealth can 
reijuire a complete copy of the ontry in the register, including the 
occn|mtion of tlie deceased, as well aa the particulare in the official 
form of certificate given on page 31. 

BtiU-Births. No recoid of still-ljom children may )» made in 
a register of births or deattia. Kven when an inquest has liecn 
held, and when, according to the finding of the juiy, there was 
not Bufficient evidence tliftt the chilil was bom alive (i.e., that it 
lived after complete se]mratiou from the body of its mother) no 
record may be made. But if a cluld be bom ajive, no matter how 
S'wu it may die, both the birth and the death must be registered. 

Under section 18 of the Births ami Deaths Registration Act of 
1874 a penalty of jEIO is ini]>osed upion any person who buries the 
body of a deceased child aa if it were still-bom, and a like iienidty 
is imposed upon any person who lias control over a burial-ground, 
and who permits the boily of a deceased child to 1)e buried in such 
burial-ground as if it were still-boni, or who buries or permits to 
be buried in such burial-ground any still-born child without a 
written certificate from a medical practitioner that such child was 
not Ixrrn alive, or a declaration from a qualified infonuant or a 
coroner's order, if there has been an inquest. 

Tlie Report of the Committee of the House of Commons on 
Death Cfrtiiication (p. 22) says: "There is reason to think that if 
the statistics on the subject could be obtained, it would bo forind 
tliat the ntunber of childKu buried in the Uniteil Kingdom 
annually aa still-bora is enormous " ; and the Committee are 
further convinced that "the absence of legal requirement that 
such births should be registered prior to disposal of the bodies is 
fraught with very serious danger to ehild-Ufc." This is especially 
80 ilk the case of illegitimate children. 

Tliere being no trustworthy £nglish figures on the subject, the 
following from the ofGciol returns of Uamhurg are of interest 
During the years 1882-96 inclusive the proportion of still-bom to 
total births varied from 2'!}1 to 3'67 per cent. The proportion 
among boys varied from 2 89 to 4'24 per cent. ; among girls from 
2'91 to 3-58 per cent The proportion among infant* born in 
matrimony varied from 2'79 to 3 ■10; among illegitimate infanta 
from 4'47 to 6'40 ricr cent. lu the same returns still-birthe 
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ure clussifieil Mcording to whether tliey were promaturf, and 
whether the denth occurred during or Iwforo pnrturition. 

Uncertified Deaths. Tho altsence of a medical certiticate of 
cause iif (ieatli does not necessarily involve a report to the coroner 
by the registrar. He luuHt report the deutli to tho coroner " where 
it apiMsara that the death was cauaed directly or indirectly fey 
violence, or was attended by suspicious circumstanGes, and when- 
ever the death is stated to have Imcu sudden, or the cause of death 
is stated to be 'unknown.'" This applies to all cases, whotlier 
certitieil by a registered practitioner or not. In other cases the 
registrar may accept the statement of the infurmaiit as to the 
cause of the dentli, and the information thus accepted may in- 
clude a certificate from an unregistered practitioner. 

The registrar must report to the coroner the death of every 
infant which dies in a house registered under the Infant Life 
Protection Act, 1872. It is the duty of the local authority to 
furnish soon after the 1st Jaimary in each year a complete list 
of all such registered houses, and to notify from time to time any 
alteration therein. If the local authority omits to furnish these 
lists it ia the registrar's duty to apply for them. 

In 1895 the causes of 91-68 per cent, of the total deaths in 
England and Wales were certifieil by registered niedical practi- 
tioners, and the causes of 6'00 per cent, by coroners after inquest, 
while the causes of the remaining 2'32 \Kr cent, of the total 
deaths were not ccrtihed. The 13,173 uncertified cases included 
the deaths of infants who had been attended only by raidwivea, 
and those of persons who Inid been attended by unregistered 
practitioners, aa well as those of persons who had received no 
"medical" attendance of any kind. In registration counties the 
pTOportions per cent, of unregistered deaths ranged from 0"71 in 
London and 0'88 in'Wiltsliii'o to 4-58 ih Huntingdonshire, 4-78 in 
North Wales, and 5'88 in Herefonlahire.* In the same year just 
une-thii'd of the uncertified deaths were of infants uniler tliree 
mouths of age, and these deaths were 6'27 per cent., or altout one 
in sixteen of all the deaths under three months of age. The 
proiiortiou of inicertified deaths fell abruptly to 2'49 i>er cent, 
between three and twelve months of age ; the minimum, 0'85 per 
cent., being reached at fifteen to thirty-five years of age, after 
which it gvadually rose with advancing age. 
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tbiqnesti. ^Vlien an inquest is held on imy duad body it is tlia 
ty of the coroner to aend a cartificute to tiie registrar within 
five days after the finding of the jury is given, giving full particu- 
liirs AS to thia finding. The only pei«ou upon whom the duty 
devolves of deciding whether casea are auapicioiie iu any case, 
and if so, of referring them to the coroner, is the registrar. It 
seems very desirable that this option should be removed from him 
nnd transfencd to the corgiicr. In a eonsiderahle proportion of 
uncertified deaths that are submitted by the registrars to the 
coroner the latter decides in an informal manner that no inquest 
was required after an investigation made by his officer, who 
frequently is a pariah beiidie or police officer. Such a procedure 
would he juBtifiaWe if a private medical investigation were 
instituted, hut as matters now stand there is little reason to 
doiiht that Crimea occasionally remain undetected, which skilled 
investigation would have brought to light. Even when a coroner's 
inquest is held the result may Iw little more satisfactory, the 
inquiry being often iwrfunctory and ita residt dubious, owing, 
among other causes, to the fact that autopsies have not infrequently 
lioen omitted. 

The death on account of which an inquest is held is very 
commonly registered sulisequently as "from natural causes," the 
curoner considering his sole function to be the detection of crime, 
and ignoring entirely the medical problems toward the aolutioti of 
which he might contribute. In other inquest cases the certification 
is almost equally defective, tlio caiisn of death Iwing returned as 
"sudden death," "death by tlie visit-ation of fiml," "found dead," 
etc. Such retuma are useless (or cliissiiicalion. Ko coroner's 
inquest is satisfactory which does not include a ])ost-inortcm 
examination by a comi>etcnt medical practitioner. 

Becommendations of Committee of House of Commons oa 
Doath-Certification (1883). Tim Committee give the following 
sumnmry i>f tlii.'ir recommendations: — 

"(1.) That in im ivcw uliould a death lie registered without production 
of a eriLiliuili: of llie cuu»e of death signed by a rcgiijtered medical 
practitioner or by a coroner <dter ini^uest, or m Seotland by a Pro- 
curator Fiscab 

"(2.) That in eneh sanitary di.flrict a registen^ medical practitioner 
should lie apiiointed as publie medical ccrtilier of the cause of death 
ill cases in which a certificate from a medical practitioner in attendance 
is not fort-hcorauig. 

"(3.) That a medical practitioner in attendance shoiUd be required, 
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lictore giving a certificate of denth, to personally ius|)ect the Ixwiy, but 
if, on the ground oF distance or for other stiliicieut reason, lie is unahle 
to make thiH inxpectioii hiutaelf he ahoidd ohtaiit and attach to the 
certificate of the cause of death a certiKcate signed by two persons, 
neighbours of the deceased, verifying the fact of defttL. 

"(4.) That medical prnctiti oners should 1* reiinired to send certifi- 
cates of death to the registrar, instead of handing them to the repie- 
■entatives of the deceased. 

"(5.) That a form of certificate of death should I>e prescribed, and 
that in giving a certificate medical practitioners should be required to 
use such form. 

" (6.) That it should be made a penal offence to bnry or otherwise 
dispose of a body, eicept in time of^ epidemic, without an order from 
the registrar stating the place and mode of disposal, which order, after 
it has been acted upon, should be returned to the registrar who 
issued it. 

"(7.) That it should be made an offence to retain a di-ad bodv 
unburied or otherwise legally disposed of beyond a period not exceed- 
inp eight days, except by [>ermission of a magistrate. 

"(8.) That the practice of burial in pita or common graves should 
be di^^conliuuetl. 

"(!).) That slill-births which have reached the stage of develop- 
menl of Keven months should be registered upon the certificate of a 
registered medical practitioner, and that it should not be permitted 
to bury or otherwise dispose of the still-birth until an order tor burial 
bus been issued by the registrar. 

"(lO.J That, subject always to the discretion of the Crown Office, 
the result of precognitions taken by the Procuratore Fiscal in Scotland 
or the precognitions themselves should be comumnicated to the repre- 
sentatives of the deceased when application is made for the same." 

IraprovementB in Eegistiation reqnired. The preceding sketch 
of the system of registration now in force renders n detailed 
discussion of the defects of registration unnecessary. The recom- 
mendations of the ParlianienUity Committee embody some of the 
more important improvomentn required. These do not include 
the appointment of medical chief registrars, though this is referred 
to favourably in their report. This reform would probably do 
more than anything else to improve our system of registration. 
As matters now stand, when there is no medical certificate of the 
cause of death, the registrai' makes inquiries of the relatives of 
the deceased pei'son, ami if he is satisfied with their explanation 
of the cause of death, and has satislied liimself tiiat there are no 
suspicious circumstances connected with the death, enters it 
according to their statements, adding that the death is "not 
medically certified." 
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Bfiuch a system is obviously open to tlie mvasest almsa. All 
Htie woTild be remedied if, ps Dr. Farr ]iropose<I in 18G4, vie'lifM 
rejigirars were appointed, who should preferably be tlie niediwU 
offiter of liealt!) of the district. It should he port of his duty to 
niake a medical inquisition into the canse of death in all dubious 
cases. In Ireland medical men hold the position of registrars, 
and the evidence of Dr. Grimshaw, the Regiatrar-Gonend of 
Ireland, appears to show that the causes of death are more 
correirtly certifio;! in Ireland than in other parts of the United 
Kingdum. 

Ubb made of Information furnished by RegistTation. Weekly 
and quarterly retunLs ai-e made by the kica! registrars to the 
Registrar-General, Somerset House, London. These are collated 
and abstracted; anil from these aletracts the i>eriodicaI reports 
i-ssued from tlie General Register OBico are prepared, The follow- 
ing are the chief of these reports : — 

1. A Weekly Return of the births and deaths from all causes, 
and from the chief infectious diseases, in each of thirty-throe great 
English towns, with similar particulars for the registration sub- 
districts of London, and meteorological and other data for the 
week. The Weekly Return also embodies important returns from a 
number of foreign cities. 

2. A Quarterly Return of marriages, births, and deaths regis- 
tered in the divisions, counties, and districts of England, with 
certain detailed information relating to the deaths ui each regis- 
tration sub-district. 

3. An Annual Summary of the births, deaths, and causes of 
death in London, in the thirty-three great towns, and in sixty-seven 
otiier large towns, witli an appendix on the metropolitan water- 
supply. 

4. An Annual Report of births, deaths, and marriages in 
England, containing fuller particulars than the preceding reports, 
but dealing in detail with registration districts and flulwlistricts, 
not with towns, unless they happen to coincide with these. 

6, A Decennial Supplement, containing ifder alia life-tablea 
senting the experience of Englanil and of its healtliy dis- 
, and an important discussion of occupation in relation to 
dity. These supplements contain some of the most im- 
portant work of the Genend Register Office, and are invaluable 
for reference. The last one (for 1881-90), by Dr. Tutham, is 
indispenauhle to vital statbticians, and a worthy successor of the 
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earlier supplements by Drs. Farr and Ogle, wl 
contributions to the subject. 

The student should make himself fnmiliar with ench of the 
above rejiorte, aa well iis with the last General Census Report. It 
is only by this means tliat he can make full use of the mine of 
information that they contain. Although to some extent the 
different reports overlap, they are all necessary for the develop- 
ment of the full value of the vital statistics of England. 

The weekly reports are issued on the Tuesday morning next 
following the end of the week to which they refer; the quarterly 
reports in the month following the end of the quarter ; while the 
annual reports usually appear toward the end of tlie year subse- 
quent to the year to which they apply., The annual summary, 
however, appears in April or May, In regard to the delay in the 
issue of the annual reporte, Dr. Farr says: "They may be re- 
garded OS storehouses of facts, whiuh have been arranged on 
methods that ore approved as the most useful and eunvenient, 
and to which, both now and in future years, students of vital 
statistics may resort for tlie elucidation of questions bearing on 
the social condition of the people, on national progress, on life, 
health, and disease. It is important they should lie done irelt. It 
is desirable oidy in the next degree that they should be done 
quicMy." 

The value of these various reports can scarcely be exaggerated. 
The rates of mortality in the n-oekly reports require, however, to 
be accepted with caution, ns lai^e fluctuations in short periods may 
be due to accidental causes. ])ut in indicating the character and 
amount of prevalent diseases, and their geographical distribution, 
they ore invaluable. As Farr eloquently putB it : " Thus observers, 
like watchmen on the walls, are ever on the look out, so that they 
can see exactly what is going ou, and neither plague, cholera, nor 
auy other great epidemic can take the notions by surprise. The 
deaths serve the purpose of a self -registering inspection. Death 
cannot be deceived by sham defences." 



Newsliolme'a TraUiu on. Public ffcallh^Ei 
{ejatexa of rcriGcation of deaths] ; Paris, ] 
p. 418; Sweden, p. 411. 

Tlie iUfiort of tliii 8el«i:t Coiiiniittce of tht Iloase of Coiiimons on Death 
Certification also cmbodieB Botiie valiialile international inrormation, m ivell 
u fuller details on the wliole aubjout, than oau bo given heru. 
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CHAPTER IV. 

DEATH CERTIFICATION AND CLASSIFICATION OF 

CAUSES OF DEATH. 

THE Begistration of Causes of Death has given an immense 
impetus to sanitary work, and it is scarcely too mucli to say 
that modem sanitary science owes its existence to the registration 
of deaths and their causes, and tlie localisation of insanitary 
conditions thereby insured. By its means, conjoined with the 
census returns, wo are able to submit to numerical analysis the 
facts relating to the laws of vitality, the influence of age and 
sex, of civilization, occupation, locality, season, and many other 
agencies; and our knowledge of all the facts bearing on licalth 
and disease has attained a precision never before known. 

There are certain fallacies in the registration of causes of 
death, partly owing to the imperfection of medical science and 
of a portion of its practitioners, and partly owing to differences 
of nomenclature and classification of diseases. 

The deaths uncertified have been already considered. It is 
evident that as these gradually diminish there will Ikj a trans- 
ference to death under some definite head. The same aj)plies 
to the mortality from ill-defined causes, the increased accuracy of 
diagnosis causing a steady decrease under this head. Thus in 
1895 there were in England 25,762 deaths classed as from ^^ill- 
defined and not specified caicses" being 4*5 per cent, of the total 
deaths. In 1862 the death-rate in England and Wales per million 
living was 2104 under this head; in 1872 it was 1854; and in 
1882 it was 1154, decreasing still further to 849 per million living 
in 1895. 

The number in 1895 would have been greater had not 5255 
answers been received to letters of inquiry concerning doubtful 
cases previously sent out from the Registrar-General's office (a 
system first started in 1881, when alx)ut 1200 letters of inquiry 
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were aent to medical men, aaking for further informatioa than 
was given in their cei'tilicatea.) * 

Faulty diagnosii and the desire to sliield reUtives are perhaps 
the most prolific sources of Inaccurate and indefinite certificateB. 
In many cases the certified causes of death, e.g. caixlioc syncope, 
OS Dr. Kumaey long ago pointed out, are nothing more than male* 
of death. The most common headings found in this indefinite 
class ore abdominal disease, debility, atrojiky, inanition, inntUriHon, 
waiting, eongenital debility, caehejna, tumour, btood-jjoieofting, 
iicBtnorrhaije, dropsy, convtdviom, etc. 

Peritonitis standing alone is similarly unsatisfactory without its 
cause being defined, a large proportion of the cases being puerperal 

In many parte of the country, especially in Wales, the causes 
of death stated by friends are very commonly accepted by the 
local registrar without any medical certificate. This probably 
exiilains in part the prevalence of evtisumption in Wales; any 
wasting disease, especially if accompanied hy cough, being called 
by that name. 

The mortality from " abdominal disease " is on the decrease, 
which accounts for u part of the registered increase in mortality 
from cancer in recent years. 

The lack of uniformity of nomenrlaiure among medical men 
is another source of fallacy. There appears to bo a fashion even 
in the names of diseases. In one doctor's practice nearly all the 
deaths from respimtory diseases will be returned as bronchitis ot 
congestion ot the lungs, in another perhaps as pneumonia. It is 
necessary, therefore, in instituting comparisona for a series of 
years, to take preferably a well-marked and easily recognizable 
cause of death, or where this is impracticable, a large group of 
diseases in which the sources of fallacy tend to counterbalance 
each other. 

In dealing with such causes of death as alcoholism, syphilis, 
and insanity, serious sources of statistical error arise ; and the 
same remork applies to a variable extent to diseases affected by 
improvement in diagnosis and the still greater improvement in 
accuracy of certification, such as renal diseases, internal cancer, etc. 

The official form of death certificate and the official suggestions 
to medical practitioners are here appended, and it is most desirable 
that the suggestions should be rigidly followed. 

i, RcgislTar- 
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Suggestions to Medical Practitioners respecting 

1. State the Caaait of Death in terms aa jirfcise an<1 biief as jHissible, snil 
use the iiames adopted in the noniciiolaturo of t]ieRo<ra1 ColUt^orPhyaiciAUB, 
taking the Euglinh Damei in prcrerence to the Latin or otiier fnrcigu equiva- 
lents. Vague terms auoh as liecliae, T/iiea. Cncktxia, itf., nhDiild he avoUltd. 
Sn also aitnunrhage ahonld not !« assiaiied as a Cause a[ Deatli without 
flltthar speoitioatiou of its prvbablt origin and the orgnn afffcCed. TeUmua 
again should be defined aa Idiopnihie or TraHmntie, und if the latter the 
caiiK and iioiuro of the injury should 1* added. 

2. Write the Games of Death, when there are more than one, under eaoh 
Dtbur. in Ike order of their appearance, and not in the presumed order of 
their importauce. 

3. Medieal Practitioners should not content themeelTPS vrith assigning, as 
is t«o often done, some promineNt si/m/itom aa tbe Cause of Death ; but 
should state, whenever possible, the dUeoM la vrhich the tiimptom vxu due. 
Sonietimes, doubtless, it will happen that the natnre of tbo fatal disease 
cBDRDt be oscertaineil with certainty ; in such easei, and in siieh alone, a 
leading ajniptoni sliould be assigned as the Cause of Death. " DrolHy " 
shoulanot be retiirnnl as the Cunae of Death without stating whetlitr the 
Dropsy ma due to JIfari IHamie, or lUiml Difoiae, or Ihr. like; when 
"Dropsy" alone is rvturneJ, it is osaunied that the csnae of this symptom 
was not ascertained. 

Similarly, when the immodinto Cause of Death was dependent upon somB 
general condition, such, for instance, as the Stnimous, the Syphilitic, or tha 
Kicket; constitution, this remoter Cnuae ikould be atatal, as uvll as Ike mort 
immediate Cause. 

i. In nertif^ing Deaths from any form of Coutiiined Fever, alatr the kind 
of Fever, and, in so doing, 1m- esuceially careful to adopt the nomenelatiire of 
tlie College of Pbyeiciana. Avoid all such airibiguous teniiB as Low Fe»er, 
Miliary Fever, Brain Fever, Hectic Fever, Febrile Attack, &p. Similarly 
avoid the term " Ty/ihoid Fiuamoiiia," which may mean either Asthenic 
Ptieuiuonia with typhoid symptoms, or Kuteric Fever with secondary 
Pneumonia. 

Do not use the term Infantile Remittent Fever for Enterio Fever in 
children. 



6. State, in fatal cases of Small-pnx, whether Vaccination had been 

ferformed with elTect and when, or whether the deceased was unvacuinated. 
f possible, state the evidence of Vaccination, s.g. , " two l«id marks." Tb« 
term "Vaccinated" should he used in preference to "After Vaccination." 
" Bmall-pox after Vocciaatlon, 21 days," is ambiguous, because tlio question 
arises whether the period (21 davs) refers to the Small-jKix or to the 
Vaccination ; the Cause of Death should be certified as " Small-po:( 21 daya 
(vaccinated)." 

7. Whenever Cliilil-birth bos occurred vithin one taonth be/ore denth, this 
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Certificates of the Cause of Death. ^ 

fact should invariably be certified, even though it may be believed that the 
Child-birth had no connection with the Cause of Death. 

8. The Duration of primary and secondary diseaMS in these Certificates 
will always be considemi to mean the time iuterveniuff between the first 
appearance of well-marked characteristic symptoms and death. 

Small-pox, Scarlet Fever, Measles, and other similar febrile diseases 
should, however, be dated /rowi the rigors and first symptoms; not from the 
later appearance of the eruption. 

Ague, Epilepsy, Angina Pee(X)ris, and other maladies that occur in fits or 
paroxysms, should be anX/ed from the first attack, the duration of the last fit 
being added. 

The duration should be stated in minutes or hours when the disease 
is fatal in less than 48 hours ; in days when tiic disease is of less than 
50 days* duration ; in months or years when the disease is of still longer 
duration. 

Examples:— {Bt) Scarlet Fever .... 30 days 

Anasarca 7 days 

Implies that the earliest symptoms of Scarlet Fever occurred 30 days before 
death, and that Anasarca was first noticed 7 days before death. 

(b) Epilepsy 5 years 

Last Fit 6 hours 

Implies that the first Epileptic fit occurred five years back, and that the 
fatal fit lasted 6 hours. 

(c) Excessive use of Spirits . . 

Delirium Tremens ... 6 days 

Implies that the deceased had been for an unknown time given to intemper- 
ance, and suffered from Delirium Tremens for 6 days before death. 

9. SURGEONS in all cases of operation should return (a) the primary 
disease or iiyury ; (b) the kind of operation ; (c) the secondary diseases — 
such as Erysipelas, Purulent Deposits, &c., and should state also the time 
from commencement of the primary disease, the time from the operation, 
and the time from the appearance of secondary disease, reckoiiintj in eacJi 
instance to the death. 

Examples : — 

Femoral Hernia .... 3 years 

Strangulated 5 days 

Operation 2 days 

Peritonitis 45 hours 

10. In every case of Death from violence, or suspected violence, the 
Medical Practitioner should advise the friends of the deceased to brin^ the 
case to the knowledge of the Coroner in order that he may decide as to 
holding or not holding an Inquest, inasmuch as the Coroner may otherwise 
feel it his duty, when the case comes to his knowledge, to order the body to 
be exhumed and inquiry instituted. 

HE WAS PBBSOKALLY IN ATTENDANCE UPON THE DKCKA8ED DUBINO THE LAST ILLNESS. 

certiticatei*, obtaiuable by auy qualitloU practitioner from the registrar. 
D 



'34 



VITAL STATISTICS. 



1) 



Nomenclatnre of Diseases. The necessity of unifomiity is 

filiviiius, as otherwisL' any L-liissified results must be uii trustworthy. 
The nomenclutui'e of the Royal College of Physicians uf l,oiidoii, 
of which the thitd edition, being the second revisiotL, appeared in 
lt^96, is the standard adopted in all English-speaking countries, 
und all death returp^ should be made in accordance with this. Of 
course no class! iication will obviate the diRcrences due to the 
opinions of individual practitioners, as, for instance, the return by 
one practitioner of deatli as due to croup which another would 
certify as diphtheria. [See Postscript, p. 346.] 

The preface to the first edition of the Royal College of Physi- 
cians' classiticntion contains many weighty remarks bearing on this 
question of Nomenclature and OlaBsiflcatlon, which are here 
summarised. It is pointed out that the great ends of such a 
nomenclature arc (I) to pcrfei-t the statistical registration of 
diseases, {3) to form a steady basis on wliich medic^ expverience 
can lie built up, and (3) to throw .light on the causes of disease, 
which, in many coseH, may thus be' brought within the range of 
preventibility. 

The committee appointed hy the Royal College of Physicians 
expressed their sense of the desirability of as little deviation as 
possible from the list of names employed by the Registrar- General 
of England ; as otherwise his settled plans and his forms of returns 
wuuld require to bo remodelled, the comparison of future with past 
Mturns would be made difficult and perjdexing, if not imjKissible, 
and a damaging break would be caused in evidence which becomes 
more and more trustworthy and valuable in proportion as it is 
prolonged and continuous. 

They also refused to exclude names, such as dropsy, palsy, con- 
vuUions, merely because they may seem to express only vague or 
imperfect knowledge, agreeing with Dr. Farr that the refusal to 
sanction such terms as these in the region uf disease " would have 
an obvious tendency to encourage reckless conjecture" in making 
returns. The Revision Committee (1885), however, while fully 
acknowledging the wisdom of the above remark, "felt it right to 
indicate as strongly as possible the necessity of avoiding the use of 
the names of symptoms wherever the names of diaeaaes or of 
causes of symptoms could with rea.sonahle certainty be sulistitutcd." 
Thus the term apoplexy should only be used when the morbid 
condition causing it cannot be recognized. 

The classification of diseases is a mora difficult task than their 
nomenclature, and it is pointed out that the comparison of s 
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is (if icell marh-ed) is more reliable than Ihul of groups of 
But although a good ctuHsificatioii is very diflioult, it ta 
important, aa it "aids and simplifies the registration of 
helps towards a more easy coiii]Hirison and knowledge of 
ini, and towards the storing of experience respecting thcni, and 
"Itatea the discovering of general principles from the collected, 
lupcd, and compared phenomena." 

A classification might be according to (1) symptoms, (2) causes, 
I) intimate nature, (4) tissues or systems of the liody allbcted, 
\) parU of the body as they lie anatomically. The committee 
their classification on anatomical considerations, and in 
ibeervience to this grouped diseases as General and Local, 
leral diseases were divided into section A, comprehending 
those disorders which appear to involve a morbid condition of the 
blood, such as the sjieciiic fevers ; and section B, comprising for 
the most part disorders which are apt to Invade (.lijlerent parts of 
tJte same body simultaneously or successively, souiettmos called 
" ititutional Diseases. The Bevision Committee, in tlic second 
iiuRi pointed out that the name General Diseases fails to express 
nature of the grouji which it heads, and that MorU Corporis 
iveni would convey more clearly the idea intended, or " Diseases 
the whole body and diseases which may be distributed in several 
at one time, — General Diseases." In the third edition the 
"General Diseases" is restored, and is used to include not 
diseases properly so called, but^orbid conditions ail'ecting 
ler the whole body or more than one part. 
The system of classification of diseases must vari/ aeeonfini/ to 
oigeet of the registration. Thus (I) the Registrar-General 
lolates deaths and the causes of death. His is essefttially a 
lification based on an etiological basis, and thus possesses a 
iportance from a hygienic standpoint. The College of 
lysicians' classification is one of diseases, wliile that of the 
Begistrar-General is of assigned causes of death ; one is patho- 
logical, the other etiological. This is seen .very strikingly in the 
cksaifi cation of injuries, the College of Physicians classifying them 
irding to their position and nature, while the ReKistrar-Oeneral 
Ividcs them into uccideutul, homicidal, suicidal, and execution.* 
(2) The army and navy medical departments tabulate diseases 

* Siaiilorly rsses of whooping-cough with death from pneiiiuoDta ore 
rcfcmxl by the Rvgistnu^Guiiurol to the former and much more re[iioI« uuuse 
tit doth. MiMt JlaBsiHcatious wbiuh give ■ aitiftle uuwi uf dcalli in llieir 
ulUujato aualysiB would ucribu tlie duttli to iiueuiuoiiiu. 
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as Willi as lieatha cwcurring in t^e two services. Hence many 
diseases np]}etLr which iit« not seen in the death returns. 

(3) The regiatrare of hospitals and the medical offioere of 
iritirniarios deal mainly in their returns with the distribution uf 
marhid processes within the hody, and seek rather to find the 
projrartion uf deaths to attacks tlian the proportion of number of 
uttockB or deaths to population. As this method takes note of 
ultimate and proxhuato causes of deaths, stating the original 
disease and its com plications, there is commonly for each individual 
disease a multiple return. 

It is evident, therefore, that there must co-exist two dissimilar 
methods of classification, of which the etiological is for oui present 
purposes by fat the most important, 

We must repeat that the knowledge of a well-marked single 
disease is safer for comparative jmrposes than that of a group of 
diseases. For instance, the term Zymotic Diseases includes enteric 
fever and whooping-cough, which have a very unequal value as a 
test of the sanitary condition of any locality. In regard to 
constitutional diseases, it should be remembered also that certain 
diseases, such as contracted granular kidney, which are classed 
under local diseases, might perhajis more justly come under the head 
of constitutional diseases, while in other instances the converse 
holds good. 

The Registrar-General's classification can be seen hy reference 
to his annual reports, e.g., report for 1895, p. 52 ef sa/. This 
classification is employed almost solely in tlie annual reports of 
medical officers of health. A glance down the list of diseoaes 
shows that in certain minor particidars it is not abreast with 
medical knowledge. Thus tubercular diseases, and almost cer- 
tainly rheumatic fever, should be transferred from constitutional 
to infective diseases, and tetanus to the same group from diseases • 
of the nervous system. Fatal croup again in the vast majority of 
cases means diphtheria, and probably the same remark applies 
to quiusy. These two diseases were formerly jilaced by the 
Registrar-General next to diphtheria, and were relegated to their 
present position among diseases of the respiratory and digestive 
system respectively, in deference to the classification of the Royal 
College of Physicians, 

For iniistration!) of statistical ta1i!<a nsetal in tho comjiiUtion at the annual 
report of a nii^ical officer of health, see Palmberg and newsiiohne's Trtatias 
on Public Hatilh a»d lit Ap]ititatitina in DiffercjU BarojxMit Vounliia, p. Vi 




CHAPTER V. 
REGISTRATION OF SICKNESS. 

THE registration of deaths gives a very imperfect view of the 
prevalence of disease. The medical officer of healtli would 
have a greatly increased power of protecting the public health if 
he coiUd hy early information of every cjise of preventil)le 
disease track its development and progress, and adopt measures 
of prevention. Dr. Lyon Playfair in 1874 emphasized the 
importance of registration of sickness in these words : " The 
record of deaths only registers, as it were, the wrecks which 
strew the shore, but it gives no account of the vessels whicli were 
tossed in the billows of sickness, stmined and maimed as they 
often are by the effects of recurrent storms. Registration of 
sickness would tell us of the coming storms, and enable us to 
trim our vessels to meet them." 

Mortality statistics necessarily "ignore all that precedes the 
close of life." The prevalence of a given disease cannot be 
gauged with absolute accuracy in the absence of registration of 
each case of the disease, except when, as in hydrophobia, the 
disease is always fatal. 

It is fallacious to assume any fixed ratio between sickness and 
mortality. The fatality of a given infectious disease varies (jreaihj 
in different outbreaks under varying circumstjinces. The higliest 
ratio of sickness is occasionally found iissociated witli a favourable 
rate of mortality. Cholera is much less fatal towards the end of 
an epidemic than at its beginning ; so a conclusion drawn simply 
from the death returns might easily exaggerate the diminution in 
the prevalence of the disease. Tliere are some diseases, a<;ain, 
the knowledge of which is desirable, but which do not perceptibly 
affect the mortality (except in some cases, through secondary con- 
sequences), as quinsy, mumps, chicken-pox, gonorrhoea. 

The medical officer of health, who only knows of fatal casos of 
preventible diseases, is to a large extent in the impotent position 
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of a mere recorder of events. If he knew of er>ery case, pre- 
ventive mensures could be ado]>ted at an early stage, and the 
outbreak could be tracked to it«i true origin, aa not a single link 
in the cliain of evidence would be missing. 

Death returns are silent about the hirge maaa of common 
sickness, which, although it may disable a man, is not "iintfl 
death." From an econoniical point of view this sickaefs is more 
important than deaUit, " for it is the amount and duration of 
sickness rather than the mortality tliat tell on the prosperity 
of a community." (Dr. Dickson.) Or as Charles Dickens has 
stated it : " It concerns a man more to know his risks of the fifty 
illnesses that may throw him on his back than the possible date 
of the one death that must eome. We must have a list of kOled 
atul of the inmnded too!" 

Local returns of disabling aickueBS of every description would 
not oiJy enable us to deal promptly with epidemic iliaease, but 
would also throw great light on the influence of season and 
climate, of social condition, and of trades and manufactui'es on 
health, and would thus enable preventive measures of diverse 
kinds to lie brought into action. 

It is evident that even were it possible it is not requisite bo 
know of every case of sickness. Tlie lines of demarcation 
between health and sickness are ill-dellned, and it would be 
necessary to limit the returns to disabling sickness. 



Attempts made to Begister Sickness. We cannot attempt 
here to give a history of the vai'ioiis attempts made in tliis 
country to obtain registration of prevalent diseases by B. W. 
Richardson, Rumaey, and otbeis. Two organised efforts wliich 
were for some time successful may be briefly mentioned.* 

The first was made by the Metiupolitan Association of Health 
Officers in 1857, and included sickness of all kinds attended at 
the public expense, in hospitals, and by poor law medical officers, 
dispensaries, workhouses, etc. The returns were contributed 
gratuitously by the respective medical olHcers, the general Boaid 
of Health undertaking to print and circulate the weekly and 
quarterly tables. Of 109 hospitals and dispensaries generally less 
than 50 contributed; in some cases boards of guardians refused 

* For fullor particulars of the liistflrjf of natijicatinii of Hick»MS «ce 
a ]wper by the natlior ob "A Natiuaal ijystfni of Nutification and Regia- 
tration of Sickaesa," Jour. SiiUinl. Sue., vot Ujc. part I, 1) 
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BUppIy information; and before the expiration of the second 
I J«ar lliB tables, wliicli had never been complete for all sickneaa 
Bttentled at ths public expense, ceased to appear, voluntary 
■jBO-opetntion being evidently unequod to the enterprise. It should ' 
! noted abo that the returnfl were not entirely truativorthy so 
w they went, for the diseases and accidents notified were not 
lew cases ; that many returns represented patients who hoil 
i lip from country districts foi hospital treatment ; and that 
I indefinite number of patients, who wander from hospital to 
Dspilal, must have been notified more than once. Dr. Ransome 
End the Sanitary Association of Manchester and Salfoi^I organizeil 
I I860 a system of rcgiatrntion of sickness for these towns 
^hlch ttppeaiB to have been very complete and exact, and was 
i Hnally abandoned until the compulsory notification of in- 
fections diseoAes come into force nearly twenty-five yeaw later. 
An attempt was made, at Dr. Rmisome's suggeiitiun, to obtain 
simultaneously with the returns of disease a reconl of the 
DiortAtity occurring amongst the coses reported. This was then 
compared with the total mortality, and a. very fair guess could 
tk*B be made as to the total number of caae^ occurring within the 
dislrict. 

^The Beqniiemsnte of a Plan for the registration of disease 
bave been eet forth by I>r. Farr as follows, in the supjdement to 
Bie Regis tmr-fJeneral's Thirty-fifth Annual Report : "The reports 
of the existing medical officers are of great practical value, and 
will become more valuable every day. What is wanted is a staff 
officer in every county or great city, with clerks to enable him to 
analyse and publish the results of weekly returns of sickness to 
be procured from eveiy district ; distinguishing, as the army 
returns do, the new cases, the recoveries, the deaths reported 
weekly, and the patients remaining in tlie several hospitals, 
dispensaries, and workhouses. These compiled on n uiiifomt 
"* ' , when consolidated in tlie metropolis, would be of national 
mcem. It has been suggested that the returns of sickness 
, to save time, be sent to London, and there analysed on 
t uniform system as the causes of death are. Tbat with the 
jent postal arrangements ia quite practicable. The tiling to 
t illtinuitely is a return of tlie cases of sickness in the civil 
' 1 as complete as ia now procured from the army in 
It will be an invaluable contribution to therapentica, 
B well as to hygiene, for it will enable the therajieutists to deter- 
mine the duration and the fatality of idl forms of disease under 
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the Bereiol existing sj'ateins of treatmeut in ttie variouB sanitoi^ 
and social conditions of the people. Illusion will be dispelled, 
quackery, aa completely ns astrology, suppressed, a science of 
therapeutics created, suffering diminished, life shielded from many 
dangers. The national returns of cases and of causes of death 
will )>e an arsenal which the genius of English healers cannot fail 
to turn to account." 

Information Available. Apart from compulsory notiJication 
of infectious diseases, the following sources of information are 
available : — 

1. Under au order made hy the Ijocal Government Board in 
February, 1879, it is incumlicnt on nil district and workhouse 
medical officers appointed since that date to furnish the medical 
officers of health with returns of pauper sickness and deaths, 
as well OB to notify the outbreak of dangerous infectious disease. 
A similar ohiigotion has been imposed upon medical ofliccrH of 
district schools appointed after June, 1879. By menus of these 
returns of pauper sickness a fair estimate of the prevalence of 
diseaao among the |)oorest chissea can be obtained. * 

2. The keeper of a common lodging-house is bound to give 
information to the local authority of any caae of dangerouB 
infectious disease occurring on his premises. 

3. Where bye-lows ai-e in force in any district in relation to 
houses occupied by more than one family, the householder may 
be compelled to notify the occurrence of infectious disease to the 
local authority. 

4. In addition to these sources of compulsory information, 
information is usually available from medical men wliere disin- 
fection or removal of jmtients is required, from the cleigy, from 
school-board officers, and from the post-office authorities when any 
of their employees suffer from infectious illness. 

It is unfortunate that in the strcsa of modem political lite the 
subject of a national system of notification and registration of 
sickness, except as regards the chief infectious diseases and certain 
industrial diseases, has been allowed to drop into abeyance. The 
compulsory notification of infectious diseases will be considered in 
the next chapter. 

Wliat may Ik? regarded as an ideal system is that in force in the 
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army and navy, where every case of sickness is tabulated as to 
character, duration, and result. Such a complete system is im- 
practicable in civil life, and we will content ourselves with a series 
of proposals of what may be reasonably attempted so far as the 
general population is concerned. This necessitates a short previous 
discussion of the scope of preventive medicine. 

To contend that preventive medicine is limited in its scope by 
the so-called zymotic diseases, is to rob it of its most important 
and promising field of work. Zymotic diseases ♦ in the five years 
1891-95 caused an average annual death-rate of 2757 per million 
living. In the same period rheumatic fever and rheumatism of 
the heart were responsible for an average death-rate of 88 per 
million ; endocarditis and pericarditis, which in a vast preponder- 
ance of cases are caused by rheumatism, causing a death-rate of 
333 per million ; while tubercular diseases caused a death-rate of 
.2123 per million (phthisis being responsible for 1464 of this); 
and bronchitis and pneumonia caused a death-rate of 3329 per 
million. Of the zymotic diseases a death-rate of 806 \ieT million 
was caused by measles and whooping-cough collectively, of 415 
per million by influenza, and of 652 per million by diarrhoea and 
cholera. None of these is included in the scope of compulsory 
notification of infectious diseases as enforced in the majority of 
districts ; and although it may be doubted whether any immediate 
])ractical benefit would arise from such notification, the improved 
knowledge of their natural history and causation, which would 
gradually accumulate, must in the end prepare the way for more 
effective preventive measures. At present, with the possible 
exception of summer diarrhoea, it may be said of these diseases 
that the sanitary measures already adopted in this country have 
proiluced but little, if any, effect. If we omit these diseases, there 
remains a death-rate of 884 per million due to infectious diseases, 
the spread of some of which has been seriously combated by 
sanitary authorities. The total annihilation of the latter diseases 
would only have reduced the general death-rate, in 1891-95, from 
18*74 to 17*86 per 1000; while the annihilation of tubercular 
diseases, which is much more within the range of possibility, and 
may in fact be accomplished, like the already secured annihilation 
as an endemic disease of the closely allied disease leprosy in this 

• Including small-pox, measles, scarlet "fever, typhus, enteric and con- 
tinued fever, whooping-cough, influenza, cholera, diarrhoea, ninlaria, hydro- 
phobia and other zoogenous diseases, venereal diseases, erysij^las, jmerperal 
fever, and other septic diseases. 
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country, would hftve reduced tlie general deatli-rate in 1891-95 
from 18-74 to I6'62 i>er 1000. The mortality really caused by 
rheumatic fever and its sequelee is immensely understated by tlie 
421 per luillion officially ascribed to rheumatic fever, endocarditis, 
and pericarditis. This disease will probably ere long come into 
the list of actively preventible diseases. A very largo amount of 
broQchitis and pneumonia ia caused by improper conditions of 
housing or of work ; nnd there is little doubt that a large saving 
might be elfected under this head. Alcoholism figures low in the 
official returns, 68 deaths per million being ascribed to this cause 
in 1891-95 ; and even if we add the death-rate of 120 per million 
caused by cirrhosis of the liver (an almost entirely alcoholic 
disease), the official returns give a very incomplete notion of the 
immense mortality due to this preventible cause. These instance 
by no means exhaust the list wliich might !» given to illustrate 
the fact that preventive medicine is concerned with all the diseases 
which llesh is heir, the only condition beyond its possible scope 
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Proposals as to National Notification and Registiation of 
Sickness. Aucumle knowledge of sickness, of its degree of inci- 
dence in relation to sex, ^e, occupation, housing, locality — in fact 
of all the conditions under which it is originated— must precede 
rational preventive measures. Hence it is necessary that the 
following measures should be adopted: — 

I, All eases of sickness oecun-ing among the parochial poor in 
each district should he periodically reported to the medical officer 
of health, and tabulated statements concerning them forwarded 
to a central office in London, in which such statistics, along with 
tliose from other aouitjes, should he analysed, summarized, and 
puhhslied. 

Schedules might easily be arrangeil similar to those in force in 
ChriKtiaiiiii or Berlin, in which a weekly return of the new cases 
of sicknesa among the poor could be made by the Pooi'-Law 
medical ofhcer with a minimum of trouble. The cases in the 
workhouse infirmaries and in industrial schools should be simDarljr 
scheduled. Care would be required to prevent the same cases 
from being entered more than once. The machinery necessary for 
the carrying out of this proposal already almt)at completely exists. 
(See p. 40.) 
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ho^Hatg {general anil fpecial) ami at publie digpentariee ahould be 
re[K)rt«<l weekly to the meiiiml olliter of health, and a smntuary 
fonrardcd by him to tlie central office in London, to be there 
treated like the pauper Btatistics. The hospitals and diapensaries 
of this country are supported by aubacriptions or bequesta ; and it 
would, 1 thiok, he reasonable to twiuire that every jiuhlie iuetitu- 
tion for the treatment of the sick should give to the medical 
oBicor of health a weekly statement of the number of 11 
jtotiente and out-patients treated during the week, apecifyiiig the 
a:^ sex, and nature of the illnosB of patients ; also a (jnaxterly or 
annual statement of the total cases, and the number of days spent 
by each patient in the hospital. The statistics of large general 
hospitals, especially those to which medical schools are attached, 
are uf great value, the diagnosis and certification being t 
tionally accurate. These statiatice possess a high value in the 
study of the annual and seoaonal incidence of diseases like 
rheumatic fever, as I have shown in the Milroy Lectures for 
■"19B.* 
It is particularly unfortunate that in ao many hospitals classified 

irds of cases have not been regularly kept. 
It should be made obligatory on the manning bodies of all 
general and special hospitals, and all public dispensaries, to keep 
accurate entries of all cases treated at these institutions, as well as 
to report on special schedules these cases to the medical oDicer of 
health at stated intervals. This has been done in Germany since 
1877.+ 

Many important problems as to the intensity of different epide- 
mics, the relative fatality of coses occurring in different districts, 
the influence of "hospitalism" on the cliarocter of each disease, 
etc., might l>e solved by accurate com]jarative statistica for the 
great fever hospitals throughout the country. At present there 
are statistical reports for such hospitals in the annual reports of 
some medical ofticera of health, of very varying comprehensiveness 
and value. Wliat is required is that these should be collateil on a 
uniform basis, and that the statistics from different hospitals Bliould 
be analysed and pubhshed at a ceutral otSce in Loudon. 
• The iinnuol reports of the Statistical Committee of the Wetro- 
pohtan Asylums Board, the rejwrt for the year 1896 being the 
eleventh of the series, form in some resi>ecta a model for others. 

' Tht Lanctl, Marcli, 1S!>5. 

(■ For larliculrirs see niy pni^r in the Eoyal Slalisl. i'of. Joxr., vol. lii. 

■ i. p. 16. 
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3. All Friendly Soeietie*, and all girJmegg insurance goeie/iee of 
every detnHpU'm should be required to fiirnbh woeltly or monthly 
letums of the number of new cases of sickness in their experience, 
claesitied according to a epecifieil schedule, and a yearly statement 
of the total number of Bubscribing raemlierB, classified according 

Such Friendly Societies are already under some degree of 
control as regards their financial condition, and accnrate statistics 
of sickness might be required in the interest of the community. 
These would furnish a very valuable nieans of estimating the 
relative amount of yearly sickness at different ages in the in- 
dustrial classes, the relative incidence of special diseases at certain 
i^ea and in special occupations, and so on. Such statistics would 
throw a flood of light on the healthiness or the reverse of variouB 
industries, and would open the way for valuable preventive 



4. An atlenipt should be made to obtain aeettrate returns of aiek- 
new in the greai indtialries. This can only 1(6 gradually secured. 
Two factors are necessary in order that industrial sickness may be 
estimated for comparative purposes ; (a) an accurate return of the 
number of men employed in each industry ; and (t) a similarly 
accurate return of the cases and causes of sickness ; each classified 
according to age. Some important stops have been taken in this 
direction in the Factory and Workshops Act, 1895. By sec. 34 it 
is required that — 

The occupier of every factory and workshop shall, on or before 
the 1st day of March ui every year, eeud to the Inapcctor nt the 
district on behalf of the Secretary of Slate a correct return epccifyiitg, 
with reapect to the year ending on the preceding Blst day of December, 
the number of persons employed in the (actflry or workshop, with 
such particulars as to the age and sex of the persons emjjioyed as 
the Secretary of State may direct, and in default of complying with 
this section shall be liable to a line not exceeding £10. 

There is do provision requiring a general notification of sickness 
among the employees, although this would l>e quite practicable. 

* It ia tme that at prracnt there is grrat diacreiancy in the administratioll 
of Friendly Societies and in the amount of sickness whieli their Bsriwrionce 
ahoK-s in [lersons of correspondinf; ages. The dsta from these societies would 
oousequcntly require to 1» judicioaaly employed for mwiy years to come. 
The proposed collation mid tabulation and jiuMication of tho exporieiiee 
of these societies would, however, probahly form the iint stop in the direction 
of securing more uniform ailminiBtration of sick relief in different localitiea. 
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The only approach to it are the enactments contained in sec. 20 
and sec. .29. 

Sec. 20 states that^- 

(1.) Every occupier of a factory or workshop shall keep a register of 
accidenb!, and shall enter therein every accident occurring in the 
factory or workshop, of which notice is required by the Factory Acts 
within one week after the occurrence of the accident, and this recister 
shall be at all times open to inspection by the inspector anu the 
certifying surgeon for the district. 

(2.^ If any occupier of a factory or workshop makes default in 
complying with the requirements of this section, he shall be liable on 
summary conviction to a penalty not exceeding £10. 

This enactment will doubtless be of great value in determining 
the relative liability to accidents of different industries, and the 
directions in which additional regulations and restrictions are 
required. 

Sec. 29 requires that — 

(1.) Every medical practitioner attending on or called in to visit a 
])atient whom he believes to be suffering from lead, phosphorus, or 
arsenical poisoning, or anthrax, contracted in any factory or workshop, 
shall (unless the notice required by this section has previously been 
sent) send to the Chief Inspector of Factories at the Home OflSce, 
London, a notice stating the name and full postal address of the 
patient, and the disease from which, in the opinion of the medical 
practitioner, the patient is suffering, and shall be entitled in respect of 
every notice sent in pursuance of this section to a fee of 2s. 6(/., to be 
paid as ])art of the expenses incurred by the Secretary of State in 
the execution of the principal Act, 

(2.) If any medical practitioner, when required by this section to 
send a notice, fails fortnwith to send the same, he shall be liable to 
a line not exceeding 40$. 

(3.) Written notice of every case of lead, phosphorus, or arsenical 
poisoning, or anthrax, occurring in a factory or workshop, shall forth- 
with be sent to the inspector and to the certifying surgeon for the 
district ; and the provisions of the Factory Acts with respect to acci- 
dents shall apply to any such case in like manner as to any such accident 
as is in those sections mentioned. 

(4.) The Secretary of State may by order made in accordance with 
sec. 65 of the principal Act tipply the provisions of this section to 
any other disease occurring in a factory or a workshop, and there- 
upon this section and the provisions reiferred to therein shall apply 
accordingly. 

The provisions in sec. 29 constituted at the time they were 
enacted a new and evil departure, that of compulsory notification 
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of disease by a uiediou] priictitionQF to a layman,* iuiplyiug, in 
part at least, the investigation of the medical problems of the 
causation of ii[)ecial diBcones by lay inspectors. Tlie objection has 
since been diminished by the appointment of Dr. Whitelegge 
as H.M. Cliief Insirector of Factories, and lat«r by the appoint- 
ment of Dr. Leggo as Medical Inspector of Factories. There can 
be little doubt that as more attention is paid to the important 
BiibJBct of industrial hygiene it v/ill be necessary to arrange for 
the local medical officer of health to receive in the first instance 
the notifications under sec, 29, and conduct the primary inquiriea 
arising out of these. The transfer of control of Bakehouses from 
the central to local autliorities is a somewhat analogous cose. 

To sum up : — 

(a.) All cases of sickness treated at the expense of public 
funja, whether in connection vnth the adminiBtmtion of the Poop 
Law (outrdoor infirmaries, utdustrial schools, etc.) or in isolation 
hospitals, or in idiot and lunatic asylums, should be periodically 
notified to the medical officer of health. 

{/>.) All cases of sickness treated by means of public charity, 
whether in general or sjwcial hospitals or dispensaries, should be 
similarly notified. 

(c.) All cases of sickness treated in Friendly Societies 
sickness assui'uiice societies sliould be similarly notified. 

(d.) Returns of accidents and of certain diseases, 
poisoning, wooisorters' disease, etc., or other industrial diseases, 
should be made part of a wider system of notification of diseases 
by private medical practitioners to the medical officer of health of 
each district. 

(e.) All notifications of eickncas should be sent in the first 
instance to the medical officer of health of each district, and l>y 
him transmitted to a central office in London. 

(./■.) The central office in London should probably lie in con- 
nection with the General Register Office, Somerset House, and 
weekly returns of sickness should be published alongside of the 
weekly returns of inui*tality. 



J be 

.tbt^l 

leaj^^ 



31st August and 10th September, lH 



i 



■ieal Jmimai, 

J 



CHAPTER VI. 

THE COMPULSORY NOTIFICATION OF INFECTIOUS 

. DISEASES. 

rpHE primary object of registration of sickness is prophylactic, 
jL and from this standpoint the registration of infectious diseases 
is supremely important. Such registration, in order to be of value, 
must be comptdsory. Whenever it has been simply voluntary 
and optional the returns have been invariably imperfect and in- 
complete. Voluntary notification has been tried in a few places, 
medical men being paid a fee for every case information of which 
they furnish to the sanitary authority. The result has been only 
very partial. The medical practitioner is by possibility subjected 
to odium and accused of a breach of professional secrecy when 
he notifies, unless the notification is compulsory. Such partial 
information is not trustworthy as indicating the prevalence of 
a disease, though it is better than none ; nor is it so efficacious in 
stopping the spread of disease. The more cases the medical 
officer of health knows of, and the wider the basis on which 
his etiological inductions can be framed, the more likely are 
preventive measures to be successful. It must not be supj)osed, 
however, that compulsory notification of infectious diseases forms 
a complete means of meeting and combating infectious diseases. 
" We do not only seek to suppress them when they arise, but to 
prfevent their origin" (Ransome), and to this end we require 
to study thoroughly their natural history, their habitats, and the 
conditions under which they develop and recur. 

The notification of infectious diseases became actual fact in a 
characteristically British fashion. The exj)eriment was allowed 
to be made by those towns desiring to make it. In Septemlxir, 
1877, the first local Act for enforcing the compulsory notification 
of the chief infectious diseases came into operation in Bolton, 
Lancashire. This example was followed l)y other towns, and the 
adoptive enactment of the Infectious Diseases (Notification) Act 

47 
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in 1889 woe followed by a nipid adojition of the Act l>y uilmi 
and rural sanitary authorities throughout England. At the prrsoiit 
time the Act upplieB to more thaai live-aixtlis of the English * 
]K>puktion, and there is little doubt that it will shortly be raade 
compulsory throughout the whole of Great Britain. 

In some of the earlier local Acta notiHuation was (a) compulsory 
only on the householder (Greenock); (b) compulsory only on 
the medical attendant (e.ij., Manchester, Preston, Edinburgh, 
Aberdeen) ; while in three towns (Bradford, Norwich, and 
Nottingham) (c) it waa made compulsory on the medical 
attendont to furnish a certificate of the disease to the houaelioldor, 
the latter being rcspousiblo for its transniisiiion to the local 
authority. In m(»t of the towns possessing local Acta the parent 
or occupier ol the house is bound to give notice to the local 
authority in cose no medical man is in attendance. 

Provisions of tlie Infectious Disease (NotiAcatiou) Act, 1889. 

Adojttion of the Ad. Tliia is a jierniissive or adoptive Act, which 
may be adopled by any saniUry authority by a reiulution parted at a 
meeting of the authority after fourteen olear days' notice (sec. ^). In 
London alone it became immediately coTiipuIsory withont any option, 
being replaced in the metropolis at the beginning of IB92 by amiilar 
enactments in the Fubliu Health (liondon) Act, 1»91. 

Brjiwtitm of InfectioiLt Ditmie. The expression "infectious disease" 
applies to the diseases eiinmerated in the certificate on page 50, and 
any other infectious diseases to which this Act has l>een applied ua 
provided mider sec. 7 (sec. 6).* 

ExUntinn of Art lo othvr InfuivmM Ditauei. Any local authority may, 
after fourteen days' notice given as the result of a special resolution 
passed by the ftulhority at a previous meeting— as in the original 
adoption of the Act — order that the Act shall apply to any other 

' No delJDitian is giv«ti of pasriieral fiivDr, and &a according to tlie last 
edition of Uio A'omrnciiiliire of Difcine'. (1896, p. 11) tlie term "poerperol 
furur" slionld no longer he u^, some latituds luiist lie exercised as to what 
comes properly nnder tliis name. Tho lioinaitlaiUTc adds "pyaemia, septi- 
caemia, or aaprsciiiis, occurring in puerperal woman should be described m 
'puerperal pyMtnia,' "sopticaetiiia, or 'snpracmia,' respectively." A Cora- 
niittee of the Royal College of Fbyaiciaiia of London lias reported (Doc, 
IS83) that with a view to the limitation of dangerous iarectious diseases the 
London Conoty Conneil would be acting rightly in adopting the view that 
the expression "puerperal fever" should lje taken to iiidudo septicaemia, 
pyaemia, sentic iieritonitis, spptic nivtritis, and other acute septio indain- 
matious iu tlie pel via oceurriug as the direct result of child-birth. 
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infectious disease than thoee enumerated under sec. 6 [sec. 7 (1)]. Any 
such order may be permanent or temporary, the period to be specified 
in the latter case. Tlie order under this section and the revocation or 
any variation of this order shall not be valid luitil approved by the 
Local Government Board [sec. 7 (2) and (3)]. In the case of emergency 
three clear days' notice unaer sec. 7 shall be sufficient, but the resolution 
of the local authority shall declare the cause of such emergency and 
shall be for a temporary order [sec, 7 (6)]. 

Notice of Adoption, Public notice must be given of the adoption of 
the Act and of all modifications of it, and every registered practitioner 
residing or practising within the district must receive a copy of such 
notice [sec. 6 (2) and sec. 7 (5)]. 

Medwd of Notification. Where an inmate of any building used for 
human habitation within a district to which tiiis Act extends is 
suffering from an infectious disease to which this Act applies, then, 
unless such building is a hospital in which persons suffering from an 
infectious disease are received, the following provisions snail have 
effect : — 

(a) The head of the family to which the patient belongs, and in his 
default the nearest relatives of the patient in the building or in 
attendance on the patient, and in default of such relatives every 
person in charge of, or in attendance on, the patient, and in default of 
any such person the occupier of the building, shall, as soon as he 
Incomes aware that the patient is suffering from an infectious disease 
to which this Act applies, send notice thereof to the medical officer of 
health of the district. 

(b) Every medical practitioner attending on, or called in to visit the 
patient, shall forthwitn, on becoming aware that the patient is suffering 
irom an infectious disease to which this Act applies, send to the 
medical officer of health for the district a certificate stating the name 
of the patient, the situation of the building, and the infectious disease 
from which, in the opinion of such medical practitioner, the patient is 
suffering. 

Every person not complying with the above requii-ements is liable, 
on conviction, to a fine not exceeding AOs, ; provided that if a person is 
required as above to notify only in default of some other person, he 
shall not be liable to any fine if he satisfies the Court that he had 
reasonable cause to suppose that* the notice had been duly given. 

Remuneration for Notification. The Local Government Board may 
from time to time prescribe forms for the pur]X)sc of certificates imder 
this Act, and these forms must be used in certifying cases [sec. 4 (l)J. 

The following is the form at present prescribed : — 
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I The local authority is required to iupply these forma to medical 
pnctitioiient, and lo pay to every medical practitioner for each certil'i- 
Cftte duly sent by bim in iLccordance with this Act a fee of 2«. 6ii, 
if the case ovcura in hi« private practice, and of 1j. if tlie cane occurs 
i as medical officer of any public body or institution 



"(S)f 



These certificates may be sent by being left at the office or residence 

I at the medical officer of bealtli, or may be seut by post addressed 
to litm [Bee 8 (2)]. 
Exaaptiimi uiuUr the Act. The provisions of this Act apply to 
every shipylioat, tent, sbed, etc, u,sed lor human habitation [sec. 13 (1)JL 
e\cepl snips and boats belonging to any foreign goveniment, AU 
bdildings, vesBela, tents, etc., Iwlonging to H.M, the Queen are exempt 
from the terms of this Act (sec. 15). 

Notification nnder the Pablic Health (London) Act, 1891. 

The chief regulations are identical witli those of the IiifectioUH 
Xliscase (Notification) Act, with the following excuptiona ; — 

The medical practitioner is reijuired lo certify the age and sex 
of the patient and whether the case has occurred in private or public 
practice, as well as the usual particulam [sec. 55 (1) (S)]. 

The medical officer of health must, within twelve hours of the 
receipt of a notification certificate relating to a metropolitan patient, 
send a copy thereof to 

(a) The Metropolitan Asylum Managers ; 

(6) The head teacher of the school attended by the patient if a 



t [sec. 55 (4)]. 



^B Advantages of Oompulaory Notification. The jjrompt and 

^BjAompIete information furnished by this means 

^H (a) Enables the medical officer of health to take immediate 

^^neasurea to prevent the spread of infection; by enforcing proper 
isolation of patients at home or in an isolation hospital; by 
enforcing efficient disinfection of infected articles and pci'sona, 
inclutling pi'oper methods of disposal of the infected dead ; by 
vaccinating those who have been exi>08ed to the infection of 
small-pox ; and by preventing the attendance of children in 
school or of adults iu workshops from infected houses. 

{li) It further enables the cause of an outbreak of an infectious 
disease to be investigated with a good chance of success. In 
its absence many of the links of evidence are missing. Thus the 
infiuence of water-supply, milk, or any otlier infected food-supply, 
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of peraonnl I'nfectiun in school, workshop, laundry, etc., can \ie 
aficertained, and the iiiflucjice of soiiitaty cotwUtioiia of special 
localities or liouscs can he investigated. 

(e) Not the least value of notification oonsista in the educa- 
tional effect of the necessary inspections upon parents, house- 
holdcTB, teachers, etc., and its still greater educational effect upon 
the members of local authorities. The constant reiteration of the 
lesson taught by the notification certificates lias gradually and 
increasingly stimulated local authorities in the discharge of their 
duties. Hence it is not surprising to find that at no previous 
period of the sanitary history of Eoglaud has there been such 
great activity as since 1889 in the provision uf isolation hospitals. 
If these isolation hospitals had not, by the removal of lit«t cases 
of infectious diseases in houses, diminished the prevalence of 
infectious diseases, tliey have as humanitarian institutions justified 
their existence by the better and more successful treatment that 
the miyority of patients thus removed have secured ; but they 
have also diminished the actual amount of some of these diseaoM. 
Small-pox epidemics are more easily nianngeabte, and have been 
kept within narrower bounds in communities in which all cases 
are notified and isolation enforced. A portion of the greatly 
diminished fatality of scarlet fever is ascribahlo to the fact that 
patients are treated in a much higher proportion in large, aiiy, 
hospital wards, instead of in crowded houses with imperfect 
nursing. 

(il) Even if it could he shown that compulsory notification of 
infectious diseases had not prevented radiation of disease from 
a single focus of infection, and had not led to the discovery of 
a single evil condition competent to produce further disease, the 
continued operation of the Act would be desirable from a wider 
standpoint. We are, by means of notification, gradually accumu- 
lating throughout the country a moss of information as to the 
seasonal, annual, epidemic, and cyclical prevalence of the chief 
infectious diseases such as has never jireviously been possessed 
by epidemiologists. As the first condition of success in the 
prevention of disease is knowledge of its natural history — its 
epidemicity, its relation to age and sex, to social and industrial 
conditions, to the complex meteorological conditions embodied in 
the words "season and climate "—such an accumulation of infor- 
mation must ere long bear fruit of a practical, useful cliarocter. 
Medical officers uf health ore not mere empiricists, concerned 



I 



is^i 



NOTIFICATION OF INFECTIOUS DISEASES. 






the enforcement of general cleanlinesa, and of disinfection 
isolation when cases of iiifectioue disease arise. Tliey are 
concerned not sulely witli individuid casex uf disease, but also 
with the conditions producing and controlling entire epidei 
It ia in this branch of their work that knowledge ia as yet moat 
imperfect; and it is oidy by the accumulation of accurate and 
iplete information aa to each cpidcmie and inter-opidei 
iod, and by the collatemi study of the pcmonal and i 
ilal conditions associated with these periods, tliat we can hope 
to arrive at a leas empirical and more nitional enuception of the 
cau§ation of each infectiouB disease, and tliroujjli that of its 
prevention. 

Effect of Notification oa Zjrmotic Mortalltr. Attempts have 
been made to determine by appeal to figures whether compulsory 
notification diminishes the prevalence and fiitality of infectious 
diseases. We doubt whether such lui appeal to figures can be 
trusted, because it is hardly possible that the periods compared 
should fulfil an indispensable condition when comjwiriaons are 
instituted; viz., that other Ihiwji shall 'w aputl. Notification 
is but a moans to an end. In some towns the information fur- 
nished by it has been made tlie basis of active and pei'sigtent 
preventive work, while in others thb has not been so. The 
question is mixed up also with that of hospital accommodation 
and isolation. There may be no immediate good results from 
untiiication if the patients notified cininot be properly isolated. 

Furthermore, after such a disease aa measles or scarlet fever 
has gone through a town it exhausts the supply of persons prone 
to those diseases; and apart altogether from any sanitary measures, 
some yeare may elapse liefore suflicient material has accumulated 
to furnish fuel for another outbreak. In addition to this, there 

e cychcal influences, the nature of which is imi>erfoctly known, 
mt which have important bearings on the prevalence of a given 
"lease. So that neither, on the one hand, the comparative 

sence of a given infectious disease since notification came into 
"force, nor, on the other hand, its increased prevalence, necessarily 
proves the utility or inutility of notification. 

It should be remembered also tliat the materials available for 
drawing conclusions are very scanty, and that in many towna 
~ ' i period since notification began is too short to enable valid 
B to be drawn. 

In attempting comparisons of death-rates bom a particular 
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infefltiouB disease between periods before and after compulsoiy 
notification was enforced, the following precnutions must be 
particularly regarded :— 

(1) Avoid average statements for groups of years. In treating 
of epidemic diseases no method is so likely to conceal the truth 
as this. In connection with small-pox statistics it has led to 
numerous erroi-s. In other infectious diseases it is frequently 
quite practicable to show an increase or a, decrease of mortality 
by adjusting the groups of ycare. The only projwr method is to 
compare year by year, if practicable in a long series, and the data 
necessary for this can be best displayed by making a curve of the 
annual death-rate for the period urn^r comparison. 

(2) Remember that, as in scarlet fever, the mortality from a 
disease may decline to a much greater extent than its prevalence. 

(3) Note that in view of the fact that the birth-rate in £ngland 
is declining, and the age distribution of the population is con- 
sequently becoming modified, it is desirable in exact inquiries 
to state the amount of infectious disease at different age-groups 
for successive years in proportion to the number living at each 
age-group. This is especially important for the diseases occurring 
chiefly in infancy, as diarrhcea, the amount of which may he 
grievously misrepresented if it is stated ill projjortion to the popu- 
lation living at ull ages, and not in proportion to the infantile 
population. 

National Registration of Infectious Diseases. The possession 
by each medical officer of health of information as to the amount 
and nature of the infectious diseases prevalent in liia own district 
does not exliaust the possibilities of utdity of these returns. 
Their value would be greatly increased by coUateral information 
as to the amount and nature of the infectious diseases prevalent 
in neighbouring districts and in the rest of the country, or eTen 
in other countries. By such an interchange of prompt and 
trustworthy infoimution it would he practicable to forecast the 
possibilities of the introduction into a community of a given 
disease, and take suitable precautions. Tliis defect in local 
notification was soon seen, and at the beginning of 1888 Dr. 
Tatham, then medical officer of health of Salford, made a private 
armngoment with the medical officers of health of tliirty-two 
other notification-towns, by which he should receive from tiiem 
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K9ekly returns of the cases tiotiliej in cauh town. These were 
biUated >iy him, and ciruulnted conliilentially amongst the con- 
tributing luuJical officers early in the aucoeeiling week. The 
praclicahQity auJ the utility of tliia voluubkry inter-notili cation 
having been fully eatablished, many of the local authorities of 
. the towns conoerncfl petitioned the Local Government Board to 
^_teke the matter in hand as a "g 

^K^ie Board umlertook the tabulation and distribution of the 
^^■tatistics of cases of sickness notified to the medical officers 
of health of those towns in which the notification of infectioua 
diecaees ia compulfiory. Only the co-operating towns receive the 
table summarizing the statistics of these notificationtowns; and 
it ia marked "not for publication."* We may reasonably hope, 
however, that this beginning will ere long end in a national 
registration of infectious diseases, and a similar tabulation and 
distribution of the national statistics. (.)n two occasions depart- 
ments of the Government have tabulated and circulated returns 
of sickness : first, metropolitan sickness of nil kinds in 1857, and, 
secondly, infectious diseases in contributing notification-towns from 
1889 onwards. These facta establish a valuable precedent, and 
furnish hoiw that a governmental department may soon he induced 
to take up in a much moi« complete and general form the collation 
of the general sickness statistics of the community, so far as they 
can be made available. 

Bnggflstions as to HotiAcation of Infections Diseases. The 

notiHcation enforced in the Infectioua Disease (Notification) Act 
is "dual" The advantage of this is that the I lo use holder being 
associate<l in compulsion with the medical practitioner, the latter 
avoids any possible odium. The chief disadvantages are that 
(a) the dual method will, in the event of secrecy being desired, 
ivent a medical man being called in. Tliis has not been found 
operate largely in actual fact; and even if so, the same thing 
'ould happen if the onus of notification rested solely on the 
louseholder. (b) The fact that the householder is bound to 

• The anniMl report of the medical officer to tbc Local Govemnicnt Board 
emhotliea a tabular BtuUment of the number of aotilied (.-asea and registered 
deaths from the natifiable infectiouB diseases ia each ol eighty-one urban 
miitary distrieta quurler by quarter, and a weekly stslenieut of the same 
tmU for each of the sanitary diatriuts of I.otirloii ([m. 119-172, Report for 
1895-M). The uUlity of this return would lie greittly increased if it were 
published aa a sfparnt^ document at an earlier period than the entire report 
of the medical olhcer can be issued. 
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notify "as soon as he bccoiucs aware" tlmt a pnticiil is suffering 
from a notifiable disease presupposes sumo medical knowledge on 
his part,, an Eissumptioa the (advisability of which most medical 
men would doubt. Where a medical man has notified, notification 
by the householder has always been practiciilly a dead letter; but 
what of cases for which no doctor is called in! It is usually 
ioipmcticable to obtain in such cases a conviction for non-notifica- 
tion, because there is no provision in the law throwing the onus 
of proof of ignorance on the householder. 

It is very desirable that the present machinery of the Infectious 
Disease (Ratification) Act should bo made more elastic oiid more 
comprehensive. In Germany and Scandinavian coiintries diseases 
are classified into two ca^gories,*' according as immediate or 
weekly notification is required. Such a grouping would enable a 
considerable extension of notifiable disuuses in this country with- 
out commensurate increase of expense. Among the less urgent 
diseases for which a monthly or weekly notification would suflSce 
would come tubercular diseases, especially phthisis. The time is 
ripe for gi'eatly extended preventive mea«ures against tlie spread 
of tuberculosis. 

• For particulars sec p«["cr liy the author, Jour. Rental Siatial. Siir., vol. 



CHAPTER VII. 

MARRIAGES. 

MARRIAGE statistics possess great interest for all who are 
concerned with the welfare of the people, affording as they 
do a valuable index of national prosperity, and incidentally in 
England throwing an interesting light on the progress of elemen- 
tary education. 

• 

Estimation of Marriages. (1) The usual method is to state 
the proportion to the actual population, or the number per 1000 
living. Although this method is fairly reliable in comparing the 
same town or community in successive years, it might lead to 
some inaccuracy if employed in comparing different communities 
in the same year, inasmuch as, owing to varying age and sex 
constitution and other circumstances, the number of marriageable 
persons living in different communities must vary considerably. 

In the following table the highest and lowest marriage-rates in 
the chief European countries are given. The variations of the 
marriage-rate in each country may be studied in further detail 
by consulting Tables 44-61, pp. 115-122, in the Registrar- 
GeneraVs Annual Report^ 1896. 

Marriage-Rate (Persons Married) per 1000 of Population 

SINCE 1864. 





Highest. 


Lowest. 


Hungary . 


. 20*8 in 1879 


16-3 in 1889 (since 1876) 


Austria 


. 20-7 „ 1869 


15-1 „ 1877 and 1890 


Prussia 


. 20-7 „ 1872 


14-8 „ 1870 (year of war) 


France 


. 19-5 „ 1872 


12*1 „ 1870 (year of war) 


Switzerland 


. 18-0 „ 1875 


13-7 „ 1880-82 (sincel871) 


Denmark . 


. 17-8 „ 1865 


13-6 „ 1891 


England and Wales 


. 17-6 „ 1873 


14-2 „ 1886 


The Netherlands 


. 17-1 „ 1873 


13-8 „ 1888 


Italy 


16-8 „ 1875 


11-3 „ 1866 (since 1866) 


Norway 


15-7 „ 1875 


12-2 „ 1888 (since 1871) 


Belgium 


16-7 „ 1866 


13-4 „ 1878 and 1886 


Scotland . 


16-5 „ 1873 


12-6 „ 1886 


Sweden 


14-6 „ 1873 


10-9 „ 1868 


Ireland 


10-9 „ 1865 


7-8 .. 1880 



57 



\ 



58 
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(2) The more ftccurate method of calculating the marrif^e'ratB 
for comparative purposes is to base it on the number of bachelors, 
spinsters, widowers, widows, aud divbrced pereons living at 
marriageable ages. The number of these can be oLtained for 
the census year from the census returns for each registration and 
sanitary district in England (Certsits Report, 1891, vol. iii.), and it 
may be assumtid thai the same method of estimation for increase 
of this portion of the population can be adopted as that described 
(p. 6) for the whole population. 

The question arises whether the relative place of the above 
oountrioa would be alterttd were this more accurate method of 
calculating the marriage-nite adopteiL Dr. J. Eertillon* has 
calculated for many European countries the number of [Persons 
married annually per 1000 marriageable persons, i.e., persons 
over fifteen years of age who are celibates, divorced persons, or 
widowed. The highest on the list is Hungary (72-6), next come 
in order Saxony (60-8), Prussia (51-0), England and Wales (50-2), 
Denmark (47-9), Italy (47-5), Franca (45'4), Belgium (40-0), 
Scotland (39-6), Sweden (36-9), and Ireland {23a per 1000 
maniageaUe persons over fifteen yeara of age). 

The above rates are calculated on the returns for each country 
for the years 1878-82. The high maniage-rate in Hungary is 
ascribed by Dr. Bertillon to the frequency of remarriage of 
widowers, and indirectly to the high mortality in that country. 
Judging by the marriage-rate per 1000 of total population, 
Hungary ia surpassed by the purely Slavonic races of Croatia- 
Slav onia, Servia, and Russia. 

CalcidateJ by either of the above methods, Hungary shows 
the highest niarriagC'rate among the countries for whom exact 
figures are given above and on ]>age 57 ; Prussia is high in both, 
while the marriage-rate of England and Wales is, from a com- 
parative slandj)oint, much higiier, and that of France lower, when 
calculated by the more accurate method. 

Oonditlon as to Marriage of the English Population. 

Between 1881 and 1891 the average annual marriage-rate was 
very considerably lower than that of the immediately preceding 
decennium. N^otwithstauding this the projiortion of married and' 
widowed persons in the population did not show any i 
decline, as may ho seen from the following table : — 

• tUintnti de DimiyrapkU, 1898, p. 38. 



^^1 Pbofobti 

^1^ TBI 



Pbofobtion of Single, Married, . 
THB Population per 1000 i,i 



> Widowed Pbrboss in 






Y«*t. 


Halo. 


FixtLn. 




B^^ 


HuUndi. 


WMo.M». 


8|rtn.te«. 


WH». WidDl... 




1881 

isei 


620 

620 


346 
3J6 


84 
85 


IIS2 
598 


83S 76 
328 75 





This seeming paradox is explained by tho fact that, although 
decline of the iuarriage-rat« diniinislica the pro[mrtion of married 
and women in the population, it also diminishes the propor- 
tion of the unmarried by causing a lowered birth-rate. The 
varying degree of migration luuoDg married and unmarried, and 
the varying degree of lowering of the deatli-rate at dilVcrent oge- 
gioupg, have co-operaled in producing the above result 

Of the male poptilation of all ages at the 1891 census 35 per 
cent, were married men, while of the female population only 
33 per cent, were wives; if widowed persons are also taken into 
account, tlie pruportions l(ccomo 38 per cent, for the i 
40 per cent, for the women. 

Higher Maniage-Bate in Toma. The mnrrioge-rate is always 
h^her in large towns than in rural districts. This is chiefly 
explained by the fact that a large number of young country- 
people resort to populous districts, where, owing to the presence 
of large trades and manufactures, higher wages can be secured, 
ind there they marry. In towns there is nearly always an e.xcesa 
'. persons l«tween twenty and forty years of age. Many also 

sort to towns merely to be married, subsequently returning to 

ral districts. 

Influence of National Prosperity on Marriage-Rate. Dr. 

3'arT hos described the marriage-rate as the barometer of 

asperity (present in part, but future anticipated prosperity 

. still greater part), just as the funds are the barometer of 

" ve tind that the marriages of England incrense as 

^the result of peace after war, abundance after dearth, high 

after want of employment, speculation after languid 

mterprise, conlidencc after distrust, national triumphs after 

■national diaisters." 




The same conclusion ia borne out by the fact, frequently 
alluded to Ijy the Begiatrar-General ia iiia reports, that the 
marriage-ratG varies in tlio same direetion as the value of British 
exports, the average price of wheat, and the amount per head 
of population cleared out at the Bankers' Clearing House. The 
coincidence, it should be pointed out, is one in directiou, but not 
in degree. (See Table A. p. vi. Registrar-GeneraJ^s Annual Report, 
1896.) The subject ia ably discussed in a paper by Dr. W. Ogle 
{JoHi: Royal Statist. Soc., vol. liii. part ii. 1890). 

Decline of Marria£a-Rate. Xotwithstanding the increasing 
wealth of the country the marriage-rate baa declined, with intci^ 
mittent smaller rises, from a niasimnm of 17-6 in 1873 to 15-0 
in 1895, It ia probable that the steadily increasing standard of 
comfort among all classes, rendering men and women unwilling to 
undertake the responsibilities of family life without an assured 
income, has been chiefly instrumental in bringing this about, A 
Bimilar decline has occurred in other countries. In France, 
Prussia, and the German Empire it set in a year earlier than 
in EiiglamL In the former countries the diminution appeora 
greater, owing to the abnormally high marriage-rate in I8T2, at 
the conclusion of the Franco-Prussian war, 

MuTlage Oalmdar. The Registrar-General's statistics show 
that most marriages occur in December, Octolwr, April, and Jime. 
The greater number of marriages in December, April, and June 
are accounted for by the festive periods of Cbristmaa, Easter, and 
Wliitsuntide coinciding with these months ; while October is the 
period after the harvest, when the agricultural labourer has 
comparative leisure as well as money in his pocket. The month 
of May, owing to a widespread superstition that it is an unlucky 
month for marriages, is lowest on the list.* The favourite days 
in the week for marriages are Saturday, Monday, and Sunday, 

Marriages and BemairTiaKes. In 1896, of the total marriages 
of men 89-7 per cent, were of bachelors and 10'3 per cent 

* Hr. 8. A. Mattbew, of Cambridge, writiug to tha author on this poist 
ID ISDfi, atAtea : " I tliink that tliia ia doubtless a survival of an old Pagaa 
suparatition. Brand twice refers to it in hij Popiilnr Anliqiiititt, ed. 1849, 
i. 224, ii. 16S. Ovid, in the IHtli, says ; ' MenaoB malum Main nnbere 
vulgiia ait.' And in this montb were held the Festival of Bona Dea and 
the Feaats of the Dca>:I." 



J 



I widowetB. Of the total marriogeH of women 93-7 per cent. 
wre of spinstere uud 7-3 per cent, of •widows. Tlie proportion 
1 widowed persona wLo remarry liaa steadily declined. Thus 



Ages at Mairiage. The English statistics under this liend are 
nperfect, owing to the pliramis "full age," "minor," "iiiider 
_e" being frequently inserted in the register. There is, how- 
iver, a steady improvement in this respect; for while in 1851 in. 
63 per cent, of the total marriages the precise age of one or, 
other of the contracting parties was not stated, in 1861 the 
proportion had fallen to 37, in 1871 to 29, in 1S85 to 8.5, and in 
_ 1895 to 2-4 per cent. 

Of the total marriages in 1806 in which the age of the con- 
tacting parties was stated, the mean age of the women married 
s 26-2 years, and of the men 284 years. Taking marriugea 
*aaid remarriages separately, the mean age of widowers married was 
44-3 years; of widows, 40-5 years; of bachelors, 26-6 years; and 
of spinateiH, 25-0 years. Postponemeut of marriage of course 
limits the childbearing period ; and a portion of tlie lowering of 
birth-rate which lias occurred of late years may be ascribed to tliia 
cause. 

The mean age at marriage has been gradually rising since 1873. 
In that year there was great prosperity, and the marriage-rate 

I was at its maximum, tlie mean age of bachelors at marriage being 
S5-fi and of spinsters 24-2 years, the lowest recorded. Since 
liien the mean age at marriage has gradually risen, the figurea for 
il895 {see Table B. p'. viii. ReyUtrar-QeneraVa Annual Heport, 
1895) being the highest yet recorded. "Wlien the marriages are 
ifew in number they are also delayed to a somewhat later period 
of life. 
Mr. C. Ansell in his StaiisHes of Families in the Upper and 
Profemonal Claskeg (page 44) found that the meau age at marriage 
of bachelors of these classes during the period 1840 to 1871 was 
29-95 years. 

Further statistics as to average ages at marriage of bachelors 

1 spinsters in occupational groups will be found on page viii. 

WBeijii^ar-Genend'g Forty-ninth liejmrt, 1886. Comparing the two 
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extreme mstances given in thia report a 



. liave tlie following 



Prorusttvanal auJ ludopcndcut Class 



v«rage Age Ht UuriaEfi at 

24 'Oe ... 22 '43 
31-22 ... 28-40 



Tlina with higher aociftl status not only the svenigo age at 
marriage, hut also the dill'erence between the ogea of liusband and 
wife iacreases. 

At the census of 1891 the number out of 1000 males and 
females respectively at each age-group -who were married was as 
follows : — 



Condition i 



' 1000 Males and of 1000 Females 
1B91 (Cctisim ReiK/rt, vol. iv. p. 34). 





Mun. 


FuuLU. 1 


















SinslB. 


Mnnlsd. 


Wido™i. 


Single. 


M«mDd. 


Widowed. 




620 


34G 


35 


596 


329 


75 




1000 






1000 






15— 


BBS 


4 




OHO 


20 






aos 


192 


2 


701 


29(1 


3 


25— 


343 


S45 


12 


32U 


653 


2X 


85— 


147 


ai9 


34 


104 


7fll 


75 


4B— 


100 


827 


73 


124 


706 


170 


55— 


84 


771 


145 


JIO 


573 


317 


BG &iipwiirda 


73 


fiSO 


337 


107 


31 H 


S74 



Uaniage of Minors. The proportion of marriageH under age 
ln\s shown a Hteody decline, aa will bo seen from the following 
figures (lierjidrar'Genncd'B Fifty-ninlk Report, 1H96) ;— 



1871-76 
1876-80 
1881-85 
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Signatures in Marriage Begister. These throw an interesting 
side-light on the state of elementary education in England, as 
indicated by the inability to sign the marriage-register. 

In 1841, out of every 100 men married 33, and out of every 
100 women married 49, were unable to sign the marriage-register. 
The proportion has steadily declined, until, in 1895, only 4*0 per 
cent, of the men and 4*8 per cent, of the women signed the 
marriage-register with marks, instead of with their names. 

In the country as a whole, the number of men unable to write 
is considerably less than that of women, though the dilference 
between the two sexes is rapidly diminishing. Taking the 
counties separately there is great discrepancy, the general rule 
being that in agricultural coimties (particularly the southern) the 
male, and in mining and industrial counties (particularly tlie 
northern) the female, is the worst educated sex. 

In the northern part of the country the amount of illiteracy is 
much greater for each sex than in the southern part. 
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MARRIAGE being the great institution by wliidi tlie poi'iila- 
tion ia chiefly regulated, it becomes necessary to consider 
the conditione regulating the fertility of marriage. I'he two 
moat important of these are the duration of nianipd life, and 
the age at which uiarringo ia contracted by women, which ure to 
a large extent mutually inter-dependent. 

From the English cenaua 1891, tlie number of wives under 
forty-live years of ^e can Ije ascertained, Com]jaring these with 
the number of legitimate births iu the three years 1890-92, the 
average annual fecundity of wives of reproductive ages is repre- 
sented by 264 live births to 1000 wives. Similar calculations 
made from the returns of 1881 and 1871 respectively give annual 
fecundities of 286 and 292 per 1000 wives. A gradual rvductioa 
of fecundity is thus shown. This reduction of fertility is partially 
aaoribable to the lowering of the manii^-rate, which is necesaarily 
associated with a reduction of the proportion of newly-married 
women among the wives under forty-five, and jmrtially also to the 
raising of the mean age at marriage. 

Dr. J. Bertillon* prefers the age-group 15-50 for calculating the 



legitimate birth-rate, and some of his results 


re here reproduced : — 




Y6«n.of 


■ged ii-K ream. 


Minojii lo moiy 1000 






InduilLnB 


MlLl-lxjm. 


IncUidlng 

■tm-boin. 


ssss 


Froiiue . 


1878-82 


173 


166 


17 


le 


Belgiiuii . 


do. 


875 


263 


20 


IB 


do. 


24fl 


242 


2B 


24 


Germany . 


do. 


278 


265 


29 


2S 






2S0 


244 


4S 


44 


Swwlen . 


do. 


245 


23D 


32 




Norway . 


<lo. 


283 


271 


80 


19 


Denmark . 


do. 


24S 


240 


.7 1 », 1 
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The following figures are taken from the 1890 Census Report 
of the United States (part i. on "Vital and Social Statistics," 
p. 481):— 





Birth-rate per 1000 of 


All Females between 15 and 50 
yetn of Age. 


Married Females between 15 
and 45 years uf Age, 


Registration 
Area . . 

1 

Cities . . 
States . . 


Total. 


White. 


Coloured. 


Total. 


^liite. 


Coloured. 


85 


86 


78 


184 

1 

! 192 
1 176 


184 


175 


88 
81 


89 
81 


77 
80 


193 172 
176 184 



Thus the hirth-rate of the coloured was less than that of the 
white, and the birth-rate of the white population was greatest in 
the cities. 

The figures in the preceding table have only an approximate 
value, being based on somewhat incomplete data. The same 
remark applies to the following table from a paper by Dr. Wilbur 
in the Annual Report on the Vital Statistics of Michigan for 1894. 

The Fecundity of Marriage of Native-born and Foreign-born 
Women in Michigan, 1870-94, in five-year Periods, approxi- 
mate Corrections having been made for Imperfect Returns. 



Five-year 
Periods. 


Children bom per 1000 1 

women between 15 and | 

45 years of Age. | 


Children bom per 
marriage, with mother. 


1870-74 
1875-79 
1880-84 
1885-89 
1890-94 


Native. 


1 1 
Foreign. 1 Native, j Foreign. 

1 


124 
127 
122 
117 
111 


231 ' 
235 ' 
221 
227 ! 

232 1 
1 


38 
3-3 
3-0 
3 


6-5 
6-6 
4-9 
5-1 

, .. 



The age at marriage is the chief factor controlling tlie propor- 
tion of children to a marriage, the age of the wife being the most 
important element, because of the fact that child-bearing is limited 

F 




practieully between the sixteenth and forty-fifth years of life. Tlie 
fathers and mothers of neiirly half Lhe children bom ure, uccurdiiig 
to Dr. Farr, under thirty years of age. 

Wliat auiount of IledurHim in the Mamcuje-Ilaie tfouhl he re- 
ipiireil. lo prixluee nruier pre-n^ni foniUlian* a daliimary pojmlaiion t 
I'r. O^Ie hits discussod this suliJMt in detail in the Jour. Hoytd 
.S/a/ii't. .•<••/•.. vol. Uii. part ii. 

His liilcvilatioTiB show that "in the very iniproliable event of all 
women rel«nling their mnrriiiges for live years, wo should have a 
birth-rate of -ili-S \ier 1000," whieh, on the Iwaia of the deatli-rate 
of ]7'8 in 18H8, would still leave the ]iopiiljition growing at the 
rate of between 5 and 6 \kt 1000 nnnuolly. It is evident that ia 
view of the fact that in the last 23 years the mean age at marriage 
of spinsters ban only increased by 0'8 years, we may "disniiw 
altc^etlier the notion that !uiy adequate check to the increase of 
|K)|»ulatiiiii is hereafter to ho found in retnnlation of marriage." 

Similarly, if without any alteration in the age at marriage we 
ntt''ni|it !o aecure a Htationary population by simple decrease of 
till- ni;irriii^'(-rfito, we have, taking the figures of 1888, l« inquire 
whiit miirriage-rato ci>rre»|»ondst to the [egitimnt* blrtli-rale of 16'4 
in that year. The average numlter of children to a marriage lieing 
alx>nt 4'2, the niarriage-nito would have to he -3-5--^'^' ••''' ^^' 

pressed according to the English method (there being two parties 
to a marriage), 78 per 1000, i.e., 45 per cent. I>elow the |)oiiit it 
has ever yet touched. 

How if botli methods are combined? It can easily be calculated 
that with an average of 3-1 children to a marriage, resiilting from 
HD average retardation of female marriage fur 6 years, a marriage- 
tate of lO'G per 1000 would give a legitimate birth-rate of 16'4, 
which with 1-4 for the illegitimate birth-rate would give a total 
birth-rate of 17-8, which is oko the death-ral« of 1888. Or as 
Dr. Ogle suras up : " If one quarter of the women who now marry 
were to remain iwrmanently celibate, and the remaining three- 
qiiarturs were to retiird their marriages for five years, the birth- 
rate would lie reduced to tlie level of the present doath-rate." 

Age in Eeliitlon to Fecunditr. M. KiiriJsi (Bndapesth)* bos 

drawn u]j taiiles of nainlilij {I'/iilos. Tiam., 1893) analogous to 

* A Staily of the I^wb i>r Incrwue of PnpuUtinn, Public JfeiUUt, vol. 



FECUNDITY OF MARRIAGE. 



67 



a life-table, in which a separate statement of the probabilities 
of a birth is given, for each age of l\U\ If we assume thci 
duration of fecundity in the male to be alniut fifty years, and 
that of the female about forty years, the question of fecundity 
can only l)e solved by a division into at least 2000 questions, 
since each year of age of one parent must be combined with 
each year of age of the other. Such tahlea of not a/if y, giving 
the probability of a birth for each combination of ages of fecuntlity, 
have Ijeen possible in Budapest since 1889, as the birth returns 
state tJifer alia the ages of parents, previous births in same fauiily, 
etc. The census returns for 1891 gave the numl>er of couples 
living among the same combinations of ages. From four years' 
observations, embracing 46,931 births, the ratio of annual births 
to 1000 marriages is found to l>e 163. But many of the totid 
marriages having passed the period of prolilicity, a separate 
statement must be given for each year of life. Kiirosi gives his 
results l)oth mono-sexually and bi-sexually. Stating them mono- 
sexiially they show that the fecundity of the female in BudajK'st 
reaches its maximum between the 18th and 19th year, descending 
then in a regular line to the age of 45-50, when it ceases. 
P2very hundred marriages of girls under eighteen years of age 
only produce within a year 36-38 infants. From 18-20 years, 
fecundity reaches its maximum of 40 per cent., i.e., 40 children 
within a year. At 25 years, it is 32 per cent ; at 30 years, it is 
24 per cent; at 35 years, 17 per cent; at 40 years, scarcely 
7 j)er cent; at 50 years, 0-1 per cent. 

Men attain the maximum of their fecundity at 25-26 yeai-s, 
when it is 35 per cent ; at 35 years it has fallen to 23 per c(;nt. ; 
at 45, to 9-5 per cent. ; at 55, to 2-2 per cent. ; and at 65, to 0-5 
|>er cent. The figures relate to effective, and not to ]>liysiol()gical 
fecundity. Prudential considerations frequently come into opera- 
tion in later married life, as clearly shown by the following 
figures : — 

Fecundity op Marriage at Various Age-Groups. 



. Age. 


For Women 
newly-married. 

32-9% 
827% 
21-4% 


For all Women. 


30-34 years. 
35-39 „ 
40-44 „ 


20 -6% 

147% 
5-9% 
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Stating the results bi-gejrually, i.e., according to the change 
of age in both parRute, tlio fuUowing results are obtained. Fur 
100 females of the following ages, the probability of a birth 



a year varies 


with the 


age of the man as f 


Ag«of F«UMt. 


«,.,.o«„ 1 




!tty«H.. 






25-2B years. 




25-0% 
23-fi% 




30- a* ,. 


31-2% 


18-1»% 


36-a0 „ 


27-6% 


21-8% 


ll}'4% 


40-14 .. 




16-7 % 


14 0% 


16-40 .. 




!*■*% 


10 ■9% 


50-64 „ 


- 


- 


10-9 f„ 



On the other hand, tlie fecundity of the father 
with the age of tho mothers :— 



AgaorUoUMT. 


Ag>orF>tbtr. 1 












Under 20 yeors. 


4B'1% 








20-24 „ 


43-0% 


31-3% 


10 -0% 




26-29 „ 


30-8 % 

33-6% 




ie-E% 

11 -8% 




30-34 „ 


23-7% 
18-9% 




36- 3e ,. 




8-7% 
3'0% 


40-44 „ 


~- 


6-]% 



follows I 



M. Eiirosi anticipates that these probabilities of birth may ii 
time be pmctically utilised in the same way as tlie probabilities 
of mortality tables. The latter are the basis of life assurance, 
the former may furnish the Wis of a new branch of assurance. 

The, same tables answer the question as to the appropriate age 
of the female to secure the greatest fecundity. Tlius a man aged 
25 years ought, from this standpoint, to choose a wife aged 19 years; 
a man aged 35 a wife aged 21 years ; at 40 years a wife of 24 ; at 
45 a wife of 39 years olil. 

In a contribution to the Royal Society on M. Kiiriisi's tables, 
Mr. Francis Galton lias made an ingenious attempt to reduce 
lu a single formula the proliability of births for numerous com- 
binations of ages, and made further combinations of ages of the 
same fecundity, establishing between them similar connections t 
those seen in geographical maps for places of the same ti 



ar conneci;ions lo i 
same temperature J 



FECUNDITY OF MARRIAGK 



69 



and altitude. These lines, analogous to isotherms and isobars, are 
described as isogenes, 

Duratioii of Married Life. In stating numerically the fecundity 
of marriage, the question arises as to what marriages shall l)e 
compared with the births of a given year. If we could follow 
the families and count all the children i-esulting from a given 
marriage to the end, the fecundity of the marriage would be 
accurately represented. If the annual marriages in a given 
community did not increase or decrease in numlx;r through a 
series of years, the division of the annual birtlis by the annual 
marriages of the same years would express the fecundity ; but 
when the marriages are rapidly increasing, an approximation to 
the fecundity can only be obtained by dividing the births by 
the marriages of some earlier year. The year to be selected 
is determined by the interval between the mean age at marriage 
and the mean age of mothers when their children are born ; 
there are no data as to this interval in England. In Sweden 
it is 5-9 years. According to the New Zealand Year-book, 1894, 
it was in that country only 3*14 years in 1881, 3*33 yeai-s in 1886, 
and 3-62 years in 1891. 

The following table from the Retjistrar-GeiieraVs Fortieth 
Animal Rejwrt gives the comparative fecundity of various European 
States. During the three years 1876-79 the average numl^er 
of births to a marriage in England was 4*57. 

Comparative Fecundity in Different European States. 



Years. 


Euroi)ean States. 


Births to a Marriage. 

5-15 
4-92 
4-84 
4-83 
4-63 
4-48 
4-47 
4-24 
3-73 
3-42 


1876 

>> 
»i 
»> 
»» 

1870 
1876 

>» 

>» 


Itely . 
Prussia . 
Sweden . 
Netherlands 
England 
Helium 
Spain . 
Denmark 
Austria . 
France . 




1 



Assuming that the interval Ixjtween the mean age of marriage 
and the mean ago of mothers in England is six years, iis in Sweden, 
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then the lefjitliuate births in 1874 divided by the avenme niiinWr 
of luarriiiges itt the three years 1867-9 will give thi; iiveri^i' 
number of births to o marriage, which was 4'57. In 1864 it 
was 4-30, but the apparent increase La probably owing to improved 
regiatration of births. 

The corroaponding figures for Michigan are given on p. 65. 

The following figurct are quoted by Dr. Wilbur* from the 
ViHorian Year Hook, 1894, p. 300. It is probable tluit the rosulte 
have been obtained by various luethodB. They can therefore only 
be regardeil as jraBsessing on ftjiproxiniate value. 



Children to 


A Mabbiage in variods Countribr. 


Cnnnlrjr. 


ChiMrsD 
tjiarr[M||E. 
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Olu)<t™> 
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RuMiii in Europe (1888) 
Irelsnd 
1 New ZeiUnd . 
Finland (18S7) . 
Kiuuian PoUad (1888) . 

1 Tasmania . . . 
! New aouHi Wales 
1 Soiilli Australia . 
Queenilaud . 


B7 

6-2 
£i'D 

li 
47 
47 
17 
1-B 


Italy. 

ScotUtid 

Holland 

Victoria 

llekiiun 

Endand 

Sweden 

Denmark 

Japan (188 

France 


91)' : 


4-6 
4-4 
4-3 
4 2 
4-2 

4 

a-6 

3-5 
3-0 



In Sew South Wales the age at marriiige, together witli the 
number of children she has borne, in registered in connection with 
tha record of the death of each female. In the yeitr 1893, the 
mean number of children borne by women married at 15-Id years 
of ago inclusive is 6'76. From 20-24 inclusive it is 532, a loss 
of 1'44 children per mnrriage attending an advance of five years 

• Op. cii., p. no. 
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THE consideration in the last chapter of marriages and their 
average fecundity naturally opens the way to a discussion of 
birth statistics. Such statistics are of value in giving information 
as to the rate of natural increase of the population, and the age 
and sex-distribution of the population, in jwldition to their great 
social interest, especially when the statistics of illegitimacy are 
included. 

Estimation of Birth-rate. The birth-rate may be estimated 
by the following plans, of which the third is the most accurate, 
though not so easily available for onlinary purposes. (1) The 
birth-rate is reckoned as a rate per 1000 of the population living at 
all ages, in the middle of the year. This may be described as a 
n^tule birth-rate. It is fairly satisfactory when used for the same 
community in a series of years, or in comjKiring the birth-rates 
of communities whose populations are known to be nearly, if not 
quite, identical in their age and sex-composition. If, however, 
the number of women living at child-l>earing years did'ers in two 
|>opulations, the birth-rate per 1000 of the totixl [jopulation would 
vary from this cause, apart altogether from varying fecundity of 
the two populations. 

We may (2) calculate the proportion which the births registered 
bear to the women living at child-bearing years — i.e. roughly 
between about 15 and 45 years of age. Tliese are shown ))y the 
census returns for each urban and rural sanitary district ; and as 
the age and sex-composition, except in almormal cases, does not 
vary greatly in an intercensal i)eriod, the same j)roportion of 
women aged 15-45 to the total ])o])ulation may 1x3 regarded as 
holding good throughout the intervening period between any two 
census enumerations. 
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(3) Tlip stcond method wimld he sufficiently i 
ciim]>arin^ two lowtia like Eradford and Leeds, in which the 
social and inihistrinJ conditiona are presumably identicul. 11, 
however, an industriiil i>ariah like WMtcchfti»el were to be com- 
pared with a fashionable district like Soutli Kensington by either 
the iirat or second method given above, the results would be 
misletuling. 

And, speaking generally, the only completely accurate methwt 
of stating the birth-rate is to subdivide the births into legitimate 
and illegitimate, stating the fonner ]>er 1000 i>f married women 
of child-hearing years, and the latt«r per 1000 of unmarried 
women of child-boaring years. The relative accuracy of the two 
former methods and of the lust method is shuwn in the following 
table :— 

Lkgitimate Birth-Rates ih KtCNSiNOTON and Whitbchapel. 









ftmnliig. 












KciuilngloD. 


WI.ltoch.pel. 


KrUEJugtnn. 








A. Birth-rate [wr ]<KKI ititiaU- 










21-8 


3ifB 


83% 


B. Birth-rat« ]>«r 1000 women 








aged 16-15 yBBfB 


ore 


ira-i 


177% 


0. BirUi-raU per 1000 ninmed 








uomen aged 15-45 years . 


315'4 


328-3 


63% 



The social condition of Kensington implies a large proportion of 
female unmarried servants, who contribute but little to the birth- 
rate. Among married women of the child-bearing age tlio true 
birth-rate is 63 per cent, higher in Whitechapel than in Ken- 
sington (C). The statement of the birth-rate by the ordinary 
method (A) exaggerates the true difference to the extent of 30 jjor 
cent., while its statement by the second metliod (B) exoggeratos it 
to tbc extent of 124 per cent 

A tabulation of the comparative illegitimate birtb-nttes for the 
two above districts will complete our illustratior 
of statement of birth-rate. 




1 of tlie methods I 



jlxwsrraiATB Birtb-Rateh is KEssimiToN 


AND WHITK. 


BAPKL, 181(1. 




k™.,„.. 




nlcurWhlti- 

•ws- 


A. Birth-nte per 1000 iulinbi- 
Unbi . . . . 

n. RirUimte Mr IDOO vaaKU 
>pd 15-46 jran. 

C- Birlli-™te|KirlOOOuBniarried 
women agud 15-*6 yiairs 


118 
3 35 

4-68 


i-as 

11-43 





I 



I Thu§ a etatenieiiL of lliu illegiliniute birth-nite iu tcnns of Ihe 
po]iulu(ii>n gives tlie uoniiilelely erruDcaux iupression that 
igitiuiauy is nearly equal iu amount iu Kensington anil White- 
'Ch&pel. A sLileinent in projKjrtion to the total numl»er of women 
aged 15-45 only shows an excess of 63 per cent, in the latter; 
while a statenicnt iu proportion to the nuniher of unniarriod 
women iit cliild-lwaring ayes shows that it is nearly two and a half 
times aa high in Whitecliapcl us in Kensington (excess of 136 per 
«ent.). 

Defects in Begiatration of BirthB. Prior U> the operation of 
the Civil Begistnition Aet of 1S37 there ware no trustworthy 
hirth stutisticB. In the earlier yours of the ogienition of the Act 
registralion of births was uudouLbetlly defective. Dr. Farr eati- 
.Ruiting the doticiency during the 3flJ years ending with 1876 at 
sr Clint. The regiBtrntion of birtlis was first made compulsory 
tile Births and Deatlis liegistration Act of 1874; and it is 
ibnblo ttiat at the present tiuic the failure of registration is 
wry small, and chiefly confined to iUogitimatc births. There are 
grave defects in the Birth Eegisters of tiie I'nited Kingdom. 
ages of llie niotliers at the birth of each of their ehildi-en are 
it stated, nor is the order of their birtb recorded, so that the 
lumber of cliildren borne by women at different ages, and the 
it(d nimilier in the course of their lives, cannot he aacertiuned in 
country. 

National and International Birth-rates. The total KtigliRh 
birth-rjle, H-iLiiiiaLe and ilh-gitimate, avei-agcd 32-G per 1000 of 
popidation in 1S41-50. It reaebed its uLaximum (36-3) in 
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1(*76, iiiul Hiiite Ihcu has flteivJily dedined tn a. miiiLmuiu of 29*6 
ill 1894. Ill 18D5 it iiiso to 30-4, and in 1896 it was 29'7. 

The relationship between the crude birth-rate and the true 
liirth-mte niay bo gatliered from llic following data for the two 
census yeare 1881 and 1891 :— 

Enolahd and Wales. 





IB*. 


1 




LcglUmito, Ilk^ltJiwti. 


LpB*li"'"'A 




Birth -mtejicr 1 000 pursoiia 
iitit1lu{;<w . 

Birtli-rate per 1000 iiiw- 
riedoniuiimrrieil women 
aged]5-45yEMa. . 


32-2 1-7 
•2S5-6 11-1 


30-1 
268-0 


IS 

10-B 



The teaching of this talile may Iw ftirther elucidated hy stating 
the pi-rcentage decline of each rate for 1891 wlien compared with 
correspoudiug nitea for 1881, 

Dbcunb PBii CENT. OF BiRTH-RATB OF Enqlamd and Wales 

BETWEliN 18H1 AND 1891. 

LculUniilf. IJlOilltmBU 

(") Of crude birth-ralfl 6-6% ... 23-B% 

(6) or WKiiralely determined birtii.rata . . B'^ % ■■- 2*-8 % 

The conclusions deriveil from the accurately determined birtli- 
rate confirm in the niuiu tliosc derived from the crude birth-rate ; 
the diflereneee Iveing that the legitimate birth-rat« has declined 
slightly less and the illegitimate birth-rate considerably more than 
the crude rates would indicaU;. 

On ]». 04 will be found accurately determined birth-ratee for 
some other European countries. 

The English birth-rate varies considerably in different conntioB, 
the lowest rates occurring in the agrii^ultural, and the highest in 
mining and industrial district)^. Thus in 1895 the lowest birth' 
rates were in Sussex (24"3), Surrey (25'0), Westmoreland (25'4) ; 
the highest in Monmouthshire (35-0), StaHbrdfllurc (35-6), and 
Uurham (35'8). 

The liigher birth-rate in iitban populations, which are to a 
great extent ini;ludoJ in mining and industrial districts, is owing 
in part to the higher marriago-rate, and in part to the earlier 
marriage of women, and the greater mortality among infaub^ 
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which, hy shortening the period of suckling, diminishes the inUjr- 
vals of child-heiiring. But the chief reason is douhtless the fact 
that in urban populations there is a greater projwrtion of women 
at child-l)earing ages. 

In the thirty-three great towns the birth-rate in 1897 averaged 
30*7 per 1000 inhabitants, varying from 22*5 in Halifax, 23*4 in 
Huddersfield, and 24*6 in Bradford, to 35-1 in Salfortl, 353 in 
Liveri)ool, and 35*8 in (iateshead. The differences Ixjtwecn the 
crude birth-rates of these towns represent in i)art real differences of 
fecundity ; in part, differences of a social and industrial character, 
causing differences in the proj^rtion of the total population who are 
married women of child-bearing age. The proportional share of 
the^e factors can only Ikj shown by a system of correction, of which 
I have already given two examples (pp. 72 and 73). 

Social Position has a considerable influence on the birth-rat<>, 
though there are very few accurate data on this i)oint. The 
fallacy involved in the fact that people's 8oci(d iK)sition tends 
to improve ixs their ages advance should be remembered. We 
have already seen (p. 61) that persons of the higher classes marry 
at a later age than others. There are, as we have also seen, 
serious fallacies involved in comparing the crude birth-rate of 
two jx>pulations. The following further instance may Ixj given : 
The late Sir E. Chadwick compared the metropolitan births, 
which at the time of his remarks were 1 in 37 of the j)oi)ulati(»n, 
with those of Herefonlshire, which were 1 in 44 ; but Mr. 
Neison showetl that this difference was largely explained ])y the 
fact that while the population aged twenty to forty was 36*33 \HiT 
cent, of the total |)opulation in London, it was only 28*39 
]>er cent, of the total ])opuIation in Herefordshire. Dr. J. 
liertillon, at the meeting of the International Statistical Institute 
at St. Petersburg, Septi»mljer, 1897, gave the following statistics 
as to the births jier 1000 women aged fifteen to fifty i)er annum 
in different quarters of the under-noted cities : — 



Claasiflcation. 


Paris. 


Berliu. 


Vienna, 


Lonilon. 


Very poor quarters 
Poor quarters 
Comfortable quarters 
Veiy comfortable quarters 
Rich quarters 
Very rich quarters 


108 
95 
72 
65 
53 
34 


157 

120 

114 

OG 

63 

47 


200 
164 
155 
153 
107 
71 


147 
140 
107 
107 

87 ■ 

63 

109 


Average 


80 


102 


153 
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ProTiithly tlie bitth-mte is redly higher muting tho poor than 
ihe" rich, hut the preueding figures cannot bo entirely trusted— ^at 
least, si> for as London is concerned. Tbey require to be checked 
hy calculation of the legitimate birth-rate per 1000 married women 
at child-liearing age in each district (soo p. 72). 

Tlie influence of National Prosperity on the birth-rate is in 
the same direction as its Influence on the marriage-rale (i>p. 59 
and CO). 

The hirth-mte in Englunil varies slightly acoowling tn season. 
In the first quarter of 1803 tlie English birth-rate was 31'5, 
in the second, 31-7, in the third, 30-6, and in the fourth, 29-2 per 
1000 of the population. The diita for ascei'Uiining the four- 
weeltiy birth-rahi in London are given on p. liii. of the Anitttal 
Summari/ of Births, Deaths, etc, 1B97. 

In the SlalisiixJies Jdh-lnteh for Berlin, 1895, tlie lolhiwing 
table is given ; — 

The averaok Daily Ndubeb of BiRtas for each CALENnAK Montb 

STATED iH Proportion to thb avekauk Daily Nhmbkb foe the 
Whole Year=IOO. 





Uve-Boni. 


SUU-B.™. 


TUUL 


March . 

OoU-Cr"!' 
Noveniljer 
Docciuber 






105 4 

1015 

100 'S 
101-6 
103-1 
I01-S 
101-4 
B.'.-5 
90-1 
93-3 


D9 
112 
110 
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gsg 
lore 
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101-3 
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91-4 
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100 '0 


100-0 


100-0 



The following details from the Bericht dee Medi^inairathen 
utier ilie MeiiieinisrJie i:y/atisli/c f'ew Hainliurijinehen Staales, 1896, 
may Ite added, esj>ecially as no such data aa to still-births 
are |K)Esiblo under the present system of registration in the 
I EegistrarGcneral'B reports: — 
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City op Hamburg— Monthly Births. 




Percentage of Total Annual 


Perceiitap:e occurring in each 




Birthn occurring in each Month. 


Month of 1890, of 


Mean of ^q^v^ 
1881-90. ^^^ 


Live Births. 


Still Births. 


January 


8-2 1 8-2 


83 


7-9 1 


Febniary . 




8-6 8-6 


8-6 


91 


March 




8-7 8-7 


8-6 


9-4 


April 




8-3 8-2 


8-0 


9-6 


May 




8-3 


8-1 


8-1 


7-4 


June 




8-1 


8-2 


81 


8-7 


July 




82 


8-2 


8-4 


70 


August 




8-3 


8-2 


8-3 


7-4 


September 




8-5 


8-6 


8-8 


7-6 


Oc toiler 




8-3 


8-2 


8-2 


8-5 


November 




8-2 


8-5 


8-5 


7-7 


Decemlier 




8-3 


83 


81 


9-7 






1000 


1000 


100 


100-0 



The Berlin and Hamburg returns are interesting, as showing that, 
with one exception (Decemlier in Hamburg), the highest proportion 
of still-births in btjth cities occurs in the months of February, 
March, and April. The three months in which the highest pro- 
[lortion of live-births occurs are January, Febniary, and March in 
Berlin, and September, Febniary, and March in Hamburg. 

The influence of Nationality is shown in Fig. 4. The com- 
j)arative birth-rates for twelve European countries, as well as the 
constituent parts of the United Kingdom, are given in the 
English Registrar-GeneraPs rejwrts (1896, pp. cxv.-cxxxii.), the 
longest annual series being that for Sweden, which dates back to 
1851. There has been a general decline in the ])irth-rate, though 
this is much more marked in some countries than in others. This 
decline has almost ceased in the last two years. 



Causes of Decline in Birth-Bate. The explanation of the 
steadily declining birth-rate must 1^ sought in some cause or 
causes which are in operation throughout the civilized world, as 
the phenomenon is a general one. The greater extent of the 
decline in the birth-rate in certain countries will help in deter- 
mining the chief operating causes. The two in which the decline 
is apparently the greatest are France and Massachusetts. Of the 
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latter ^Ir. Dike, quoted by Dr. Wilbur,* says: **The declining 
fniitfuluess of the family, especially among jKJople (»f the so- 
called native stock, has become a matter of serious concern. In 
MsiAsachusetts, the mother of foreign birth has on an av(img(; 50 
jH^T cent, more children than the moth(jr l)orn in this country. 
France is the oidy country in Plurope whose l)irth-rato is as low as 
that of Ma.ssachu8ett«<, and France is alarmed at her condition. 
Ma8.sa<'husetts is indillerent, for she can rncniit lu'r population 
fnjni Ireland and Canada." 

It will have l)een seen from provi<ius n^marks (]>. GO) that 

(a) Postponement of marriage ti» more matin-(» years, and (A) 
a larger pro|)ortion of celibacy, only account for a share of the 
decreased birth-rate. 

(r) The greater ease with which divorce is obtaincul in non- 
R4>man Catholic countries has a certain amount of inHuence. 
especially as many of the divorces occur at child-bearing ages, and 
the divorced often do not remarry. The mean duration of married 
life was calculated ])y Farr in 1871 to l>e 27 years. Dr. AVilbur 
states that the mean duration of m.aiTiages interrui)ted by divorcM* 
in Michigan is le.ss than 10 years. 

{(I) There is no reasonable ground for the view that a diminished 
j>o\ver of either sex to produce children has l)een produced by 
alcohol, syphilis, tobacco, or other causes. 

{e) It is quite clear that the main cause of the diminution in 
the birth-rate is " the delil^erate and voluntary avoidance of child- 
l>earing on the part of a steadily increasing nimilwr of marri(»d 
[»eople, who not only prefer to have but few children, Imt who 
know how to obtain their wish."t That this is the chief reason 
is shown by the extremely high birth-rate amcmg the French 
]>opulation in Canada, and the abnormally low birth-rate in 
Fnmce. The difference is inexplicable on the score of climate, 
or indeed of any other known cause, except that the former who 
arc orthodox Roman Catholics are prohibited by their religious 
l)eliefs from practising the artificial means of jne venting large 
families which find favour in France. 

Still -births are not registered in England ; but under th(? 
Registration Act no still-born chiltl can be buried without a 
cf^rtificate from a registered ])ractitioner in attendance, or from 
one who had examined the body, or in his absence a declaration 
from a midwife or some other person (jualified to give the informa- 

• Op. eit.t p. 125. 

t Pajior by Dr. J. S. Billings, Forum, Dec., 1849. 



tion to the effect tlmt tlie cliild wns still-born. The proportion of 
atill-births to total birtlis in Lhia country is supposed to be about 
4 per cent. ; but this is uncertain. In France and Belgium the 
eliildren dying either Itefore or uftor birth, if they die before 
registration, are recorded as still-boni. This fact should be re- 
membered in estimating Clie true death-rate and birth-rate of 
France. Thus the correuteil death-rate of France in 1875 becomes 
234, instead of 231, per 1000 of population (flw/wfrnirGencrnfo 
Tliirty-eiyhlh Annual Ilejiwt). In Italy, Germany, and in the four 
Scandinavian countries, the terra " still-bom " is used in thu medico- 
l^al sense.* The proper plan would be to register all still-births 
in a separate cal«gory, distinct from both births and deaths. Tlie 
males outnumber females in atiU-births, prolwbly owing to greater 
difficulty in child-birth. Thus, in the ten yeara 1865-18T5, they 
were in Fmnce, 144; Italy, 140; Belgiimi, 135; Sweden, 133; 
and in Prussia 129 to every 100 female still-births. 

In Berlin in 1895 tlie proportion of males to females among 
the Btill-l«m was 137 U> 100, among the livo-bom 104 to 100. 
In Hamburg in 189C the ]>roj>ortion of males to females among 
the still-born was 125 to 100, among the live-born 107 to 100. 
(See aUo p. 24.) 

The proportion of still-born is greater among mule illegitimate 
than among male legitimate children. This is clearly shown by 
the following (igures'l : — 
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a viable ilif&nt (having had uver six luoiitlis of intra uterine life, or 
beioK Iwenty-Evp pentiniptrpB long) which is dead without having breatbed. 
t Bertillon, ai>. e" '" 
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Piopoition of Males and Females at Birth. In 1838-47 the 
males bom to every 1000 females bom averaged 1050. Since 
then the proportion has gradually declined to 103G in 1891-95. 
(See tables 3 and 4, Fifty-eighth Anniud Report of the Registrar- 
General, 1895.) In registration counties the lowest i)roportions 
of male to female birtlis were 974 per 1000 in Cumberland, 981 in 
Oxfordshire, and 988 in Derbyshire; the highest 1083 \ycT 1000 in 
Dorsetshire, 1101 in Huntingdonshire, and 1188 in Rutlandshire. 

In Berlin in 1895 the proportion of male to female births was 
1047 per 1000; in Hamburg it was 1075 in the same year, 
having increased fairly steadily from 1885, when it was 1032. 
In previous years the proportion of male births to 1000 females 
births was higher than this; thus in 1883 it was 1080. In 
London, on the other hand, the proportion has remained fairly 
constant, and is lower than in the continental cities; it was 1041 
ill 1880 and 103G in 1895. 

The proportion of boys to girls at birth is smaller in England 
than in any European coimtry, and for some unexplained reason 
the excess in the proportional number of l)oys is gradually de- 
clining. The proportion of males is greater in large than in 
small families;* it is also greater among the earlier born than 
among the later bom infants in a family. According to Bertillon, 
the last rule does not apply to illegitimate births. 

It is interesting to compare the proportion of the two sexes 
as shown by the census returns and by life-table exi)erience. 
The following table gives the proportion of males and females 
at each age-group at the census 1891 : — 

Ix England and Wales there were at the Census 1891 the 

FOLLOWING number OP MaLES TO EVKllY 1000 FEMALES 

AT BACH Age-group. 

Proiwrtion of Males 
to lOUO Females. 

931 
945 





Proportion of Males 




to 1000 Feroales. 


All Ages 


* 9 


940 


0- . 




985 


1- . 




988 


2- . 




993 


3- . 




990 


4- . 




993 


Under 5 years 




989 


5- . 




996 


10- . 




999 


15- . 




98.'') 


20- . 




891 



Ages. 

25- . 

30- . 

35- . 

40- . 

45- . 

50- . 

55- . 

60- . 

65- . 

70- . 
75 and ( 
upwards j 



931 
924 
901 

877 
8f»8 
832 
79f» 

732 



G 




Tlic rpsultfi in this table, liaaed on the pnjmlation aa enumeratwl 
ill 1S91, Jo not cori'eiipond with tlio life-table experieuce based 
uu the mortality in England and Wales in the t«n years'lSt^l-^O. 
In this life-table a tnillinn infante, in the pn)portion of 509,180 
nialuB to 490,820 females, are traced from bii'th through lift;. 



.. 


English 


blPE-TABLE, 


IBBl 


90. 



2 




. fiOB.180 
. 402.706 




F.ni.l«. 
490, »20 
426,461 
403.B80 










r. 




. 382,648 


384,432 






Thus, although ut birth the million infants comjmse on excess 
of males, liefore the end of the aecotid year of life the Ijolanoe is 
more than restjnwi, females being in excess. 

If, instead of starting in the life-table with males and females 
in the proportion shown by the birth-returns, we take a million of 
each aex, then according to the English experience in 1881-90 
the niiilea will have lieen reduced to ono-half ot their original 
nimibcr between the 51st and 52nd ycnr of life, the females 
between the 56th and 57th year of life. The ditTerences between 
the life-tuble reaulki and the census figurea are partially explicable 
on the ground of errora in the census returns; but are chiefly 
caused by the higher denth-rate and the greater migration among 
males. 

niegltlmacy, Illegitimacy has important bearings on social 

prolitciLLs, 0.1 well aa on the chances of life of infante, and there- 
fore deservi'S careful consideration. 

It may Ije stated, (1) like tlie total birth-rate, as a proportion 
to every 1000 of the population. 

(3) Tlie most accurate method is to state it as a proportion to 
the number of unmanied women living at child-bearing ages. 
(See p. 72.) 

(3) It is often stated as a proportion to the total births. This 
method is fntlacions, as the number of legitimate births varies 
with the marriage-nite, and this with the activity of trade ; so 
that if the marriage-rate were low, and the number of illegitinial« 
births remained stationary, the amount of illegitimacy would 
appear larger than usual, when not really so. 




BIRTHS. 

I XUegitimac; in England, Thp nmnhcr of illegitimate birtlis 
' 1000 of populatinti liiiH varied from a tnaximuiii of 2'3 i 
P8e0-&2, Id 1859 and in 1863-64, to a, minimum of 13 ii 
r the years 1890-95. (See tobies 3 and 4, pp, xxxviii. and xL 
■_ " r-Gen^al'g Report, 1895.) 

TIma the illegitimate birth-rate lias declined along with the 
decline in the mairiBge-rate and in tha legitimate birth-rate. The 
table oil p. 74 shoWN how far this comporiBon may he tniiited, and 
iiidiuiles that the reduction in the illegitimate birth-rale between 
IS^I and 1891 was four times as great as the reduction in the 
li-gitimate birth-tate. 

For similar roasona it is doubtful how far the comparison 
l-etween the amount of illegitimacy in the iliR'erent conntiea of 
Eii<,'liind is trustworthy. Stated as a proportion of illegitimate to 
lct;itini;ile IiirtliH, the ratio was lowest in Middleaex and Essex in 
Xf^'j:, (29 per 1000), in Monmouthshire (31), South Walea (33), 
and liighfist in North Wales (05), Cumberland (70), Herefordshire 
m/jP^), and Shroishire (74). 

K' It is a remarkable fact that altliough the mean age at marriage 
*t»a increa.'ted, and the proportion of marriages under a^ lias 
decrejiscd, llio illegitimate iiirth-rate has likewise decreaseiL 

Dlegitimacy in other ConstrieB. The toble on p. 64 gives 
iiitere.sting details on this ]xiint. The diflercnce in definition of 
still-births iu various countries (|i. 80) must lie Imme in mind. 

Judgi-d by the proportion of iile^timnte births to population, 

illegitimacy is much greater in amount in lierhn than ia England 

, (sec Fig. 4). In 1892-95 the annual illegitimate births aven^jed 

4*3 per 1000 of the jiopulaLion, as com[)ared with 1'3 in England 

p a whole. A useful comimrison may be made between tlie data 

I the tables on p}). 64 and 74. The illegitimate birth-i'ate in 

I and Wales is stated in terms of the unmarried women 

1 16-45, that for other countries in terms of the larger grou]) 

mprised by unmarried women aged 15-50. Notwitliatanding 

8 fact, England stands lowest on the list, having only one-fourth 

' e amount of illegitimacy of Austrin, which occupies tjie Idghest 

fepoflition on tJie list. 

The Ualtlinsian Hypothesis. It has not been thought 
' to reproduce the account and criticism of Malthus' 
I P(i/ml4tJion (1798) which appeared in former editions 
[ tliis work. The reader wisliing to study the subject will find 
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Supplaaenl to the Tkirty-fifth Amiual Btporl of the Rtgiltrar-OenrTal 

(Fan-, pp. xv.-xx.). 
Characltr and Lagiail Method of Poliliail Etonomy (J. E. CainilM, U.D. 

Ciiapt«r on MaUhmisuiam. Secoml Edition, 1875). ^9 

pBpulalion and CapUal [G. K. RickBrds, ma., 18S4). ^H 

On Popalaliim (William Godm-iit, 1S20). ^H 

Economic Sliidits (W, Bigehot, 1880). fll 

Progrcia and Poverty (Henry Georgo). 
The I'rincipta of I'opulalion and Tlieir Cimneefion irit/i Unman 

Hitppintia (A. Aliaou. 2 vuIb., 1810). 



It may sufHce to Bay here that the problem 
jwpiilation is not urgent, thut tlie forecasts of Multlius imil his 
adiierenbi have hitherto not l)eeu realized, and that, although 
in a few centuries the poasihilities of emigration must eeaee, 
osauiiiing the eame rate of increase of population us at present, 
this neeil excite no apprehension in view of the international 
decline of the hirth-rate shown in Fig. 4, In France, and to 
a leas extent in the United Slates, the failure of the population to 
grow by natural increase is beginning to cause some apprehension. 
(See also pp. 17 and 77.) 

Nattiral Increase of Population. The nahiral incremeiil of 

a population in any year equals the hirtha jiiinv^ the deaths. It 
may l>e greater, owing either to a dimiiii.ihed number of deallis or 
uu increased number of bii'ths. The aelual inereniertl is governed 
also by the balance Ijetween imniigralion and emigration. The 
approximate amount of emigration from the United Kingilom for 
a serieB of years can be seen in Table 32, p. xcviii. Iteiji^rar- 
tirnierai'n Rejxni, 1895. 

The (wpnlation of England and Wales in lt<91, as determined 
hy natural increment only, was 29,603,913, as actually euiime rated 
29,002,525, the difference of 601,388 representing tlie loss by 
excess of emigration over iniuiigration The relationship between 
md actual increment iji England can be studied in tlie 



table on p. 9. 
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CHAPTEK X. +- 
DEATH-RATES. 

MORTALITY statistics surpass all other vital statistics in 
importance, whether they are considered from a social or 
actuarial standpoint, or from the standpoint of i)reventive medi- 
cine. 

Estimation of Death-rate. The death-rate may be reckoned 
(1) in proportion to every thousand of the mean population; 
or (2) the proportion of deaths, taken as unity, to the whole 
population may be stated. Thus, in 1886 the death-rate i)er 
1000 was 19-3, which is equivalent to 1 in 51. 

The two are easily convertible by division. 

1000 192?_M 

The assumption underlying problems of life continf^encies is, 
that the deaths in each year of age are uniformly distributed 
throughout the year. This as.sumption introduces an error ; but 
the error, except for the first years of life, is infinitesimal, 
and in all practical calculations may be disregarded. The ratio 
between deaths and population is known as the death-rate or rate 
of mortality^ having been so called by Farr. By actuaiies, 
however, it is known as the central death-rate^ the name rate 
of mortality being reserved for the probability of dying in one 
year, q^ (p. 258). 

Death-rates for Short Periods. An annual death-rate per 
1000 implies the number of deaths that occur among 1000 
persons, each supposed to live through a complete year of life. 
The death-rates for shorter periods are calculated on the 
assumption that the deaths would have continued in the same 
proportion * during the remainder of the year. It is evident 

85 
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that the shurter the ppriod to whicli a death-rate refers the 
greater the liability to error, owing to accidental causes of 
variation. The death-rate for a short jMiriod expresses a. fact, 
the errors otdy ariBing when we draw too wide inferences from 
it Large iluctuatioiiB from accidental causes occur, especially in 
connection with small populations. A temporarily high de«th-rale 
may, for instance, only mean that, owing to the prevalence of in- 
clement weather, a consideraljle number of unstable and fragile 
lives have hod their deaths slightly hastened. 

Tlie tieaih-Toles for each week in thirty-three great towns puli- 
liehcd by the Registnu'-General arc annuo/ death-rates per 1000 
of the mean poputatiuu of the year ; t.e., they represent the 
numlwr who would die ]>er 1000 of the population, supposing the 
same proportion of deatlis to i>npulation held good throughout the 
year. They are of service in contrasting with the death-rate of 
the same place at the corresponding period of a preceding year, 
and as showing the influence of seasonal variations; but shoulil 
be received with caution when used to compare one town with 
anotlicr. 

The death-rate for a week might be obtained, if there were 
exactly 52 weeks in a year, by multiplying the deaths by 32, or 
dividing the population by 52, and then proceeding as for an 
annual death-rate. But the correct number of days in a natural 
year is 365'24226, and the correct number of weeks therefore 
52-17747. The Kegistrar-GenenU therefore divides, for the pur- 
pcnes of his weekly returns, the estimated population of each 
town by 52-17747, tlius obtaining what may be caUed the weekly 
jKipulation of the town. Tims, if the population of a town is 
143,956, its weekly population is 
143,956 
5317747 



s = 2758, 



which is assumed to remain constant for the year for which the 

calculation is required. Now, if there are 35 deaths in one woek, 

then the annual death-rate for the week in question 

35x1000 



2758 



= 12-69 



It would he more logical to nuiltiply tlie deaths of each weeK 
by 52-17747 than to deal with the population ; but as this would 
require to he done each week, the fonner method la evidently lees 
laborious, and produces tlie same results. 







DEATH-KATES. 

Tlie Registrar-Geueral maken his iloath-ralea for ea-h quarter 
tio the tbiiieen weeks nio»l iieurly uorres]Miiiding with the 
luitum] quarter ; anil tlic quui'terly [upulation U obtainwl by 
multiplying hy tliirteen the |Kjpul;itiou uf onu week. 

The (letith-rat^, pxpreesing the pruportion home by deaths frnjn , 
,a1] catis«s to eaeh thousaml of the poptdntioii, in knowu as the 
iBial or crude dea>th-ra,te. The fiJlocieH detracting from its 
test c'i reliitive vitidity will be subsequently eonsidertid. 
should he reganlod (is tlie first teat, to bo followed up by 
further resenrch. It is doubtful, however, whether, ii 
Inrge populations, any more trustworthy teat is available ; and ite 
value may be regiuded aa remaining unimpaired, in spile of 
numerous attacks upon it.* 

Special Death-rates arc also ewijiloyed; iintl these may be 

Bividcd into two kin<U: (1) those which diirerentiate the persons 

■ITected as to nge and sex, race, social condition, occupation, 

isity of po|iulntion, locality, season, etc. ; aud (2) those wliicli 

lifferentiate the causes of mortality, as the individual symotio 

I, phthisis, viuience, suicide, etc. 
r~^We shall discuss in this chapter the influence on the dettth-rule 
{ movements of the population, of lai^e institutiomi, oF the 
irth-rate, and of tlie age aud ei:x diiitributiou of the pojiulation. 



Effect of UoTements of Population. The ofTeot produced by 

immigration and enugration *vill vary in accordance with the 

averse age and sex of the migrants. The mortality of most 

FlV}^ and growing towns would stand higher than it does but 

P * The rollowiug weighty cautioiin by Dr. C. Kelly (Annual Report Wat 
I AuMx, 1896) may be ijiiotol here :— 

"Uuch barm hu been rfoueiu uast years by tlioae wholiave ted theimblic 
to believe too much in low dDuth-tnCca, wLisu tlie nieru faet of a district 
havjiig auch rates ouglit rstber to njUikH one suspect tbat some Bonrce of 
fallacy mutt be present. Bnch soiin'ea are to be found reatltly enough, nod 
tliey are most freqaent in tliosv |iUaea wbiub owe some of tbojr prosperity to 
llie Goiumou belief. . . . 

"It ia alvravi well to dtBtnist a. very low death-rale, and careful inquiry 
aboald be made into the age aud sex-diatribntion of the population wfora 
coming to a conclusion. 

" Id contneting tho figures year by year for tbo same district the coni- 
pariMD may be made readily and correctly, but when otlier diatricta nro 
contrasted one with Uie other, such a comiariiion may be fallacious, unless 
due allowaace be mods for age aud sex distnbutiou." (See Chap. XII.) 
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lor llie tiii'gt numbtr of young and lieultliy iumigratit« frum the 
country. Similarly, watering-places and residential towns appear 
euinewliat licAlthior tlian they are, because of the loi^o proportion 
uf young domestic servants. 

In New Zealand the ileatli-rate has varied from 910 to 10^9 
[wr 1000 in the years ]8y7-96, a remarkably low death-rate, if 
the rogiatmtion of deaths is fairly complete, fur a population 
whicli, when enumerated in 1806, amounted to 703,360. Doubt- 
IcBS the population is to some exteut a selected one, emigrants to 
such a distant i>art of the world being usually robust and healthy. 
It might be surmised that a large share of the low death-rate of 
New Zealand is caused by the favourable ago^iistribution of its 
population ; but the figures do nut show that this is a prominent 
factor in the case. Thue, out of every 1000 enumerated in Sew 
Zealand in 1896, 363 were aged 0-15, 583 were aged 15-60, and 
54 aged GO and upwanls; while in England at the ceneue, 1891, 
the corresjxinding figures wore 351, 576, and 73, Nor does any 
excess of uhildreu under tive account for the difTercncc between 
the English ond New Zealand death-rate, m in 1891 the population 
under live per 1000 at all ages was 123 in England, as compoieil 
witlt 119 in Sew Zealand in 1896. 

The bulk of the immigrants into towns are in good health, but 
a certain number go from the country into urban hospitals. 

On the other hand, many townspeople suffering from phthisis 
nr other chronic disease migrate into the country, and aged persons 
very commonly do the same. 

The only way to avoid the fallacies arising from migration 
would be to have records kejjt of the movements of (wpulalion, 
and llie births and deatlis of each place aubjeuted to analysis 
before comparison is made. In order that the death-rates of 
two populations should he coni^iarable on equal terms, so far as 
migration is concerned, it would Iw necessary that (a) the number 
of immigrants and tlie average duration of their residence should 
Inlance the numlier of emigrants and the average duration of 
their absence ; and that (h) the proportion of persons of each 
SOX living at each age, their stale of health and liability to 
disease, should l>e the same among both. 

Such conditions are not attainoblo even in EurofJean 6tat«e, 
where a record of niigmnte is kept, and much loss so in this 
country ; and it is satisfactory to remember, therefore, that in 
most instances the sources of mistake tend to counteract each 
otlier; and that the most important fallacy, that arising from 
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ing oge-iliBtrihulion nf tlie iminilation, can lie avoiilcii liy 
the death-rate ecparalely for dilTerunt groupe of agi>s. 
B commonly assumed that mortality statistics uiay be 
:t«d by migration in another way. Tliia may be made clear 
J^ example. The high mortality of certain thtvkly -populated 
districts was, a quorlor of a century i^o, explained ae heiug due 
in {>art to the fact that, owing to the migration occurring among 
the laliouring-cliuw jiopulatioD of these districts, the same house 
niiiy in one year represent t)ie accidents, deaths, and diseases of 
say twenty-four peraons, instead of the six persons which the 
cunsuG gives for each house. This assumption was, however, 
trroueouB, for, although the families occupying a single house 
change four times in a year, tlio effect of four families in excess 
tif that [iroduced by one family during a wliole year is countcr- 
baliuiced by the fact that it is only operating for one-fourth of 
the time. Tlius, (our fumihee occupying a house for three 
juonths each will produce tlie same effect upon the deatli-rate as 
family hving in the same house for a whole ly ear, assuming 
the numbers in the separate families, their ugo-constitution. 
Other conditions of life are identical. 
Brighton may be quoted as lui instance of a town whose 
population is, during tlie gr<iater iwirt of the year, swollen by 
the ingress of thousands of visitors, of whose number there is 
no trustworthy estimate, and who yet furnish a considerable 
'jiiota to its mortality. The census enumerations in AprU, 1881 
.irid 1891 (which form the basis of calculation of the population 
f'T the current year), necessarily included all the visitors present 
;it those dates. There is, however, probably no time of year in 
wliich the number of visitors in Brighton is at so low on ebb as 
in April (when the national census is taken). 

The course theoretically least open to objection is to exclude 
the erlitiialeii jiojmlalioii a/ visitors and all deailm of visUvrs in 
cjilcidatiug the trtie death-rate of Brighton. This is, unfortu- 
nately, im[iracticublc, both as regards poptdation and deaths, and 
tlie death-rate is, therefore, calculated on a population smaller than 
lliat from which ttio deatlis ore derived. 

Effect of Public InBtitntions. The consideration of the effect 
whieh pirblte institutions exert on local bills of mortality naturally 
follows on a consideration of the effect of migr.ition, as the 

Hjuality arising from such institutions is due to migrations into 
1 from outlying districts. The rule m deahng with a public 
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inalituLinn is W dinliiot the ile-ivths of those iuinalefi dorivpij from 
outeide the district concerning wliich the calctilalion is made, at 
the same time ineluUing tlia deatha of inhabitants of the said 
district which may have oixurred in other institutions outside the 
district. Thus, workhouses and usyhinis are often situated ouUide 
the district from which they receive inmates ; and in London and 
otlier great towns the lai^e public hospitals teuetve [ratients from 
outlying diatricte. The deaths in all these cases should he, and 
in some cases are, relegated to their res|)cctivc districts.. 

Tlie following case reproduced from Che first edilion of ^iG 
hook may he taken as exemplifying the methods of procodure in 
correuting a local death-rate for extra deaths occurring in external 
and internal institutions. 

The Wandsworth suh-district of the Wandsworth district 
(London, S.W.) has within its borders the County Lunatic 
Asylum, the Hospital for Incurahles, St. Peter's Hospital, 
Wandsworth Prison, and tHe Royal- PAlriotic Asylum for Girla; 
and it sends its sick poor to the Wandsworth and Claphom 
Workhouse Infimiary, which is outside its boplera, while some 
of its inhabitants die in the large metropolitan hospitals. 

Total deaths in Wandsworth in 1885 were . .628 

Of these there occurred in its internal institutions 132 

In addition there occurred in the Union Inlinimry and other 
outlying institutions 78 deaths. 

The mean popidation of Wandsworth in 1885 was 31,497. 

(1) The death-rate, uncorrected for deaths in internal institu- 
tions, and not including deatha in outlying institutions, is 

31,i97 

(2) In order to ascertain the death-rate corrected for internal 
institutions without including the deaths in outlying ijistitutions, 
we must ascertain the jmjiidtUvm of ita vnslittUioas as well as their 
lieaiht. By the census of 1881 this was 1482, whicli may be 
taken as nearly correct for 1885. 

Corrected iMpulation = 31,437 -1482 = 30,015. 
Corrected deaths = 628 - 132 = 496. 
<1000 



Death-rate = 



0,015 



= 16-52. 



L 



(3) The deatli-rato excluding the population and deaths of 
internal institutions, and including the deaths (but not tlie | 
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topuLition, Iteciitise tliis ia unknown) of W;iiiils worth piirisliiuiiure i 
a outlying insCitutiotiH. 

Population = 30,0 15. 

Defttha-406 + 78 = 574. 
574 X 1,000 



The last ileatli-ratci moro nearly than any other represonts the I 
i mortality of the WanilBWorlh Bub-district. For it (<xcludee 
i population and (Isattis in its iiunioroiis internal institutions 
which Wandsworth contributes only un inappreciable ()uola), 
1 it allows for the deaths of Wundswortli pnrisLiouers in es- 
■'ternal institutions. The only fallacy is, that no uUowance ia made 
in the pojiuliition for these inlinbitimta of Wandsworth who aw 
in the outlying institutions without tlieir illness proving fatuL 
This namher must, however, bo comparatively amaU, and cannot 
very materially nifect the result. 



I 

I 



Each sanitary authority in London ia 
le Genoiul Register office with particulars 
'n outlying institutions, so that the 



Official Corrections, 
supplied (juartcrly froi 
of deaths of their inhabitants ii 
^fteuessory correction can h 

I For the thirty-three great towns, the statistics published by 
the Registrar-General make corrections to the following extent .- 
ttie deaths of non-rcsidente are distributod to their respective 
districts in the case of the following institutions, vin., CouiUy 
Hospitals, CotiTtty Aeyliuns, Infectious Diseases Hospitnls, and 
Convalescent Homes. On the other hand, all deaths occurring 
in general, t.e., Borough aa distinguished from County Hospitals, 
and in children's and other special hospitals, ate left undistributed, 
and ore included in the returns of the sub<listricts in which those 
institutions are situate. 

The previous residence of persons dying in institutions is in 
each instance inserted in Iho death register in order to alFord 
to the medical officer of healtli the means for obtaining the in- 
lation necessary to correct the death statistics of liis district. 

still remains true, however, that in many smaU urban and rural 
(liatricte this correction is avoided, and erroneous because defective 
, death-rates are published. 



CHAPTEli XI. 



RELATIONSHIP BETWEEN BIRTH RATE AND 
DEATH-BATE, 



INFLUEXCE of Birtb-nvte o& Age-OaiiBtitutioii of Population. 
The age-distrihuliun iif a po|iQlati(m, i.e., the n-lative niiniber 
of persoiiH livitif; at different grouj« of ages, liepends iijHjn the 
rate and mode of iiicrensc of the }H>piiIation. This increase may 
he due to cxcl'bs of hirtlia over deaths (natural increase) or to 
immigration. Immigmtion U generally of eoinpfiratively young 
ailiilts, and tliua has an imiwrtont bearing on the death-rate, 
which it tends to lower. A population aueh as that of England, 
with a birth-rate persistently higher than the death-rale, contains 
an undue pro|K)rtion of children, of youths, and of jwrsons of 
middle life, and bo a. lowering of the death-rate is produced, as in 
the case of immigration. The undue proportion of persons of 
a lower ago in a population with a persistently liigh birth-rate 
is explained as foUows : In a stationary population undisturbed 
by migration, the nuiulver of birtha eijuals the number of deaths, 
and if the rate of mortality at dilfcrent ages does not vary from 
time to time and the births and deaths are uniformly distributed 
tliroughodt each year, the t^e- constitution of the population 
remains uniform. The birtlis and deaths in the stationary 
popuiiition being eiiual in number, the birth and death-rate* 
are also identi<al. If now the birth-rate suddenly increases, 
the number living in the first year of life will increase; and 
if this higher birth-rate persists, in the second year of its occur- 
rence the number living under two years of age will be increased, 
iu the tljird year the number living under three years, and so on. 
If the high birth-mte continues for, say, 40 years, the number 
living at all ages under 40 will be increased, and so on. But for 
about twenty of these forty years a further influence will have 
been brought to bear. Those t^d 30-40 who were l»m under 
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P^Ke conditions of the hypotlieaU liave chililreii of llieir own; 

Li ao that, assuming the birth-rats to remain sUitionary, tlie al-solutv 
mmi/ier of iiirlha per aimum is increasing, rapidly every year. 
The consequence of thia uninterrupted increase in tlie nniiuul 
niiinlier of birlba ia, tbut the proportion of those living at the 
enrher i^es as compivred with tlie ontire iKipulalion becomes 
greiiter, nnil a distribution of Che popuhilion u arrived at which 
v/i! shall Bnd is favourable to a low death-rate (page 96). The 
diagram on page 94 should be studied in connection with the 
)in^ceding remartcH. 

The disturbing efTect on the age of a [jopulation of n yearly 
incniaaing number of births is shown in the accompanying diagram 
from the supplement to the Reijieirar-GenemVii Tliirty-Jifth Annual 

The diflgram represents by its van. encloseil by the continuous 
dark line, the relative numlxirs of the population in eighteen 
groii|ks of ages, as enumeratetl at the census of 1871. The a 
enclosed by the dotted lower line represents what the population 
would have be«n had the births remained uniformly 263,320 
a year ub in 1771, instead of increasing os tliey did to 797,-138 hi 
1871. Thus in the population as enumerated in 1871, 3.100,000 
were living who were imdcr the ago of 5 years, while in the 
IKipulalion with the stationary nunilier of births, the number 
of children of that age would be one mUlion' only. It is assunied 
that no migration occurred during tho 100 years. 

We have assumed in the preceding remarks that the change 
was from a stationary impulation to one with a birth-rate higher 
than its death-rate, but in which the birth-rate remained constant 
after it hml once increased. If, however, the hirtli-rate were con- 
tinuously to increase, the effect in disturbing the normal 6r Life- 
Table distribution of a population would be still greater, and for 
many years this was the state of things in England. Since 1876, 
however, the birth-rate has deereasctl, and, as shown by the 
fiillowing figures, there was in several years an actual decrease, 
and since then only a very slight increase in the al>3oiute number 
of births, irrespiective of population. Such a condition of the 
factors producing population will obviously have a much less 
disturbing inHuence on its age-distribution than it the numlier of 
births were continuously to increase. If the total annual births 
were to remain stationary in number, the disturbance in the age- 
distribution of t.lie [lojitilation would, as the wave of population 
advances, gradually diaapjiear. 
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Year. 


Niiiiil>er of Births. 


BirthKate. i 


, 1876. 


887,968 


36-3 


1 1880 . 


881,643 


34-2 


1881 . 


883,642 


33-9 


! 1882. 


889,014 


33-7 1 


1883. 


890,722 


33-3 : 


1884 . 


906,750 


33-3 ! 


1885 . ' . 


894,270 


32-5 1 


: 1886. 


903,866 


32-4 1 


1887 . 


886,331 


31 -4 , 


, 1890. 


869,937 


30-2 ! 


1894 . 


890,289 


29-6 ' 


' 1895 . 


922,291 


80-4 1 


1896 . 


917,201 


29-7 


, 1897 . 

1 


921,104 


29-7 1 



M. Bertillon gives a valuable table (p. 28, op. cit.), from which 
the following particulars are derived : — 

Age Comfosxtion op the Population in European Countries 

IN 1880. 



Country. 


For every 1000 inhabitants at all 


ages there were 


Children. | Adults. 


Old People. 






0-15 


15-00 

575 
556 


00 and upwards. 

52 

78 


Hungary 
Scotland 






• 1 


• 


373 
366 


England 

Germany 

Ireland 








' 365 1 562 
354 567 
351 553 


73 
79 
96 


Sriain 
Norway 
Belgium 
Sweden 








1 348 


595 


57 








1 347 
! 335 
1 326 


563 
567 
581 


90 
98 
93 


Italy 
France 








, 322 
267 

I 


589 
610 


89 
123 



It is evident that, with the exception of Hungary, no Euroi)ean 
country has so young a population, based on tlie average age of its 
people, as have England and Scotland. Probal)ly this remains 
true, notwithstanding the lowered birth-rate shared by England 
and other countries in recent years. 
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The following table, calculated frnm Ihe Engliah census figures 
for 1881 and 1891, allows cleftrly tlie effect on tlie age -distribution 
of the pojjulation of the lowering of the birth-rate between the 
two census enuinemliuna. 

Aqe CQMPOBrrioN or the Enolibh Popdlatios. 



lesi . . . 

1S91 . 


ft-lB 


IS-M 




ToUl.t.llAg«. 


372 
361 


683 

&76 


65 
73 


1D0D 
1000 



Influence of Birth-rate on Dsftth-rate. Wc have seen that 
the age-eonatitution of the popniation is, if migration be left out 
of account, ilutenniued liy the birth-rate. The age-constitution 
of the population is of fundamental iuiportance in relation to the 
dcatli-rate, tlie birth-rate afTecting the death-rate only in so far as 
it altera the age-constitution of tlie population. 

Most erroneous ideas have prevailed as to the relation between 
the hirtb-rnte and the death-rat«. Tlie int«rprotation of tlie true 
relationship between the two depends on an appreciation of what 
has been said concerning the influence of the birth-rate on the 
age-constitution of a iwpuktion. It is evident that if, owing to 
a high birth-rate, there is a larger proportion of children in one 
community than in another, and the relative hygienic conditions 
of the two are equal, there will be more deaths of cjiildren in the 
former; and inasmuch as the rate of mortality of young children 
is higher than that of all others except the aged, the general 
death-rate will be raised. But if the high birth-rate be eotttinved, 
there will not only bo a large proportion of children, but of 
others between 10 and 40 years of age, at which ages a low rate 
i)f mortality holds; and this factor counterbalances the other, and 
causes a continued high birth-rate to be associated with a low 
death-rate. Speaking generally, the mortality of a ])opulation in 
which there is an excess of births over deaths should be lower 
thun that of a stationary population, in which the births and 
deaths are equal in number, because in the latter case there is 
a larger proportion of old people than in the former. The only 
exception to this rule would be if emigration interfered with the 
normal effect of a high liirth-mto. 

The late Dr. Letheby lield, on the contrary, tliat " tlie Wrlh- 
rate is the controlling element of the death-rate"; that "an 
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increase in the rate of mortality is often a sign of iirosperity, for 
a liigli ileath-Rite moans a. liigli birtli-ratc, and a high birtli-rnte is 
the invarisble uoncomttant of prosperity." According to this 
view, a higU birth-rate ia a direct and mechanical uanse of a high 
death-rate, owing to the great mortality among infants. This 
theory ignores the essential fact that a continuoualy high birth- 
rate not only causes an excess of the infantile population, among 
whom the mortality is great, but also DU excess of ])ersoQs between 
10 and 40 years of age, among whom the rate of mortality is low. 

That a high birth-rate and a high death-rate commonly co-exiat 
is certain, though the concurrence ia by no means constant, nor do 
Lht.' variations in the two follow on equal lines, as can easily be seen 
l>y comparing the birth and death-rates of ditferent great towns. 

A high birth-rate usually occurs in crowded districts, there being 
in these a much higher proportion of people at child-bearing ages, 
owing to the inrush of young workera in search of the higher 
town wages. It is not surprising that in such conditions of 
life the high birth-rate should be associated with an excessive 
infantile mortality and a high general death-rate. 

So far from the high birth-rate of towns causing their higher 
death-mte when compared with rural districts, it will be hereafter 
shown (p. 108) that in nearly every great town the age-diatribution 
of the population is more favourable to a low deatli-rate than 
that in rural districts. The higher death-rate in towns is caused 
by their leas favourable conditions of lifcx, and not by an un- 
favourable age-distribution of the population. 

Low birth-rates and low death-rates also commoidy co-exiat ; 
tut the conclusion that one causes tho other is altogether 
untenable. In France there is a low birth-rate and a high 
death-rate, owing largely to the fact that the continuous low 
birth-rate has caused the average age of the population to be 
considerably higher than in this country. Thus in 1891-95 tho 
mean annual birth-rate in Fiance was 22-4 and the death-rate 
22-3 per 1000, as compared with a mean annual birth-rate in 
England of 30-5 and a death-rate of 18-7 per 1000. The table 
on p. 113 shows that in 1881 France, out of every 1000 persona, 
had 171 aged 55 and upwards, as compared with 105 in England. 
Under the age of 5 there were 92 in France, as compared with 
136 in England. Thus the small proportion of young children, 
which, according to Letheby, ought to have been associated with 
a low death-rate, was associated with a compai'atively high death- 
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To sum up. Populations having a continuously high bii-th-rate 
eliould (sanitary conditiona being equal} havo lower death-rates 
than populations having low birth-rates, because a couliniiousl; 
high birth-rate means an exceptionally large proportion of yoimg 
adulta in a population, and consequently an unduly small pro- 
portion of old people. Conversely, a low birtli-rate nieans a 
small pro]>ortion of young adults and a large projiorLiotL of adults 
and old people, and is therefore uufavoumljle to a low doath-rata 

A High Birth-rate and a Low Birth-rate ma; both ba 
followed by a I.ow Death-rate. Dr. R. W. D. M. Cameron 
[PiMk H'-a/fh, vi.I. vii. p. 100) liaa conatnicted the following 
diagram to illustraUi the direct and immndiate increase of den 
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Diagram illiutrative al rektions between birth aod deatb-ratea. 



rate produced by a high birth-rate at its first occurrence (through 
increase of infantile mortality) and the subsequent decrease of 
death-rate produced by a conlinued high birth-rate, tJirongh ita 
influence in increasing the proportion of i>ersona living at ages 
of low mortality. 

In the diagram the birth-iate is supposed lo mount up suddenly 
and continue high for ten years, tlien to drop from "high" to 
"medium," go on falling gradually during the aocond decode, 
linally remaining uniformly low in tho tliird decade. 
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lorrespouJing death-rate rises ai oaco with the birth-rate, 
loaches its Ficmr; m-ar the end if tho fil'st five yrjii-s of high hirth- 
tate, and slowly declines during tho second tive years. It next 
suddenly drops aloug with the birth-rate, continuing to fall with 
it during the next ten years. In the third decade it gradually 
'xa without any corres[ionding rise of birth-rate. 
During 1881-90 a high birth-rate in tlie provious ilccodo and 
lower birth-rate in tlio current dcciwle were Iwtii cu-o[)orating 
to pnxluce a low di-iith-rat':. 

A Special Illastratioii of BeUtlonahip between Birth-rats 
and Death-rate. The folluwin;^ example illustrate 14 tlu; errors 
aa lu thi! relationsiiip between the birth-rate and death-mte which 
reappear from time to time in local health reports. Dr. Yarrow, 
the medical officer of health of tho parish of St. Luke, a central 
diiitrict in Ijoudon, iu a special report on the birth-rate and death- 
rate of the parish in 1887-96, endorses Dr. Dryadale's opinion 
that " if the mortohby is to be lowered in St. Luke, birtlis must 
tie reduced." If, as may bo assumed, by mortality is meant the 
general death-rate at all ages, this raises the whole question of 
the relationship between Uie birth-rate and tho death-rate, and 
the instance is worthy of detailed study. The deaths iu St. 
Luke under the ago of 5 exc«ed the total ileaths at all other ages, 
which is taken by Ur. Yarrow as " proving beyond doubt that 
the infant mortality is the main cause of our heavy death-ratea." 
I3 this the case! 

From what has been said in the previous pan^rephs it will 
lie evident that a high birth-rate, if it cause a high death-rate, 
will do BO by increasing the proportion of children under 5 who 
are subject to a higher rote of raortnlity thau that prevailing at 
ages 6-55. 

Wliat then ia the age-distribution of St. Luke's population! 
Tho fallowing table shows tho numtier of persona out of 1000 at 
all ages which, at the census 1891, weta of the following ages : — 





KDiilinduidWilH. 


SLLuk. 


KenalngloD. 


Under 5. . . . 
5-66 .... 
OverfiS .... 


123 
773 
104 


180 
788 
81 


89 
SOS 
103 




1000 


1000 


lOWl 




G:V 



100 
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It baa not been thought DGcessary to further subdivide the 
groups of ages in the preceding compariaon, Init if further indica- 
tions are required they are fumiehod in the following table. The 
factors of correction by which the death-rate of each of the above 
in 1891 must be multiplied (according to the method described on 
p. 109) are as follows ; — 





Bnglmul una Walea. 


Si.L.,X». 


KtMlngton. 


Factor of Correction 
CrilHe Deatli-rate . 
Corrected Dcath-ntto 


1-0000 
21-6 
21-6 


1 -06070 
90 ■! 
32 '5 


1-10181 

18-4 

20-3 



Thus the age-distribution of St. Luke is more favourable to a 
low general death-rate than that of England aa a whole, though 
not so favourable aa that of Kensington. 

St. Luke and Kensington are instances of parishes which have 
had for a, protracted period a high and a low death-rate respectively. 
In 18G1 the birth-nite of Kensington was 30-1 ; it was 26-9 in 
1881 and 231 in 1891. The birth-rate in St. Luke, aocoiiiing 
to the Rcgistmr-General's figures, was 43-3 in 1861, 45-6 in 
1881, and 42-9 in 1891. The figures for St. Luke require 
some correction, as this parish has within it a large lying-in 
Institution, receiving patients from other diatricta. When this 
correction was made for 1897 the birth-rate of 46-7 became 36-3. 
This correction does not, however, affect the fact that St. Luk« 
lias had for many years a relatively high birth-rate. The difference 
between the low death-rate of Kensington and the high deatli-rate 
of St. Luke cannot therefore be caused by any recent or sudden 
alteration in their respective birth-rates, causing in one a sudden 
increase of infants, subject as they are to a high death-rato. 

Will the steadily higher proportion of children under five in 
St. Luke's account for its general death-rate being higher than 
that of Kensington 1 We will assume, to simplify the argument, 
that over the age of five the proportion of persons living at each 
age is identical in both Kensington and St, Luke. This assumption, 
as can be seen from the first of the preceding tables, favours St. 
Luke, because, although at the ages of low death-rate 5-55, it has 
a slightly smaller proportion of persons than Kensington; at the 
ages of high death-rate, 55 and upwards, it has a much smaller 
proportion of peraons than Kensington. The last factor WDuld_ 



last factor would^J 
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tend to counterbalance any advantage that Kensington might 
secure by an excess of females in its population. 

On the basis of the above assumption let the death-rates of 
Kensington in 1891, at ages under five and over five, be applied to 
the population of St. Luke in 1891. 





Population of 
at. Luke, 1891. 


Death-rate of KRiisington, 

1891, per 1000 living at 

each age-group. 


Calculated No. 
of Deaths in 
tit. Luke. 


Under 5 . 
Over 5 . 

All ages . 


5,529 
36,911 


64-8 
13-9 


359 
513 


42,440 

• 


18-4 


872 



Therefore the calculated death-rate in St. Luke would be 



872 X 1000 



= 20-6. 



42,440 

But the actual death-rate at all ages was 30*1, the death-rate at 
ages under five being 97*1, and at ages over five 20*1 per 1000 
living at each of these age-groups. 

And the general death-i*ate of Kensington in 1891 was 18*4. 
It is plain, therefore, that the difference between 20G and 18*4 is 
caused by difierences in age-distribution of the populatioiLS of 
St. Luke and Kensington ; but that the further difference between 
20*6 and 30*1 is caused by differences of social and sanitary 
conditions, altogether apart from any considcmtion as to the 
birth-rate or the age-distribution of the populations. 
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DEATH-RATES CORRECTED EOR AUE AND 
SEX-DISTRIBUTION. 

Influence of Age and Sex-distribution on Death-rate. We 

HhiiU i^oiisidpr in tliis chiiptiT tlifi nieuiis of measuring tJio 
niodidcntioiiB in tUf goiienil ileatli-into wliidi may result fi'om 
varying age luiii Be\-cuustitutioii of ft pojuilation, reserving to 
tlie next cbapter the consideration of death-rates at dilTereut 
ages. 

Dr. Ogle bos summed up tlie influence of age and sex-diBtribu- 
bion of the popiUatian on deAth-rates in the following words: 
" It is nccetisary to point out that two places might Ite on a 
perfect equality with each otttcr as regards their climate, their 
^unitary iirrangenients, tlicir cloEenesa of aggregation, as also 
the habits and occupations of their inhabitants, and yot might 
have very different general death-rates, owing to difterpnccs in 
tlio age and sex- distribution of their respective populations. 
Such a supposed case is, of couree, scarcely likely to present 
itself, for when the prevalent occupations are the same in two 
places the age and sex-distribution is abnost certain to be tbo 
some also. But in places where the prevalent occupations are 
not the some there are often very gwrat difTerenccs in the age 
and sex-distribution of the populations, and such as seriously 
alTcct tlio general death-rates." 

The ugo and sex- distribution in a given district varlefi but 
slowly, thus little diUiculty arises in compaiing the death-rat« 
of the same district or town at diJi'erent periods, It is when 
different districts or towns are compared that the necessity for 
con'cction for age and sex-distribution l^ecomcs imperative. 
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Mean Annual Rate of Mortality per 1000 of each Sex. 







Males. 


Females. 




1 1841-50. 


1891-»5. 


1841-M). 


18P1-03. 


1 
A1] ages . . ! 23*1 


198 


21*6 


17-7 


UniitT 5 years . 


71-2 


621 


61.1 


5*2 


j>— • • . 


9-2 


4-5 


8*9 


4*5 


10-. 




51 


2-5 


5*4 


27 


15-. 




7-1 


4 


7*9 


4*0 


20-. 




9-5 


6-3 


9 1 


49 


25- . 




9-9 


7-2 


10*6 


6*7 


35-. 




12-9 


12-2 


12*9 


10*3 


45-. 




18-2 


19-8 


16*1 


15*3 


55- . 




31-8. 


363 


28*4 


29-8 


65-. 




67-5 


71-9 


60-9 


62*8 


75-. 




148-3 


149*9 


135*9 


136*1 


85 and upwards 


312*3 


290*6 


293*3 


263*8 



A study of the above tabic, giving the death-rate for each sex 
at various age-groups, shows that between the ages of 5 and 55, 
the death-rate per 1000 living at each group of ages is lower than 
the combined death-rate for all ages. Under 5 and over 55, the 
death-rate is higher than the combined death-rate for all ages. 
It is evident, therefore, that, as the proportion of the total 
population living at these different age-groups differs greatly in 
ditferent communities, the relative numbers subject to the higher 
death-rates at the two extremes of age will differ to a correspond- 
ing extent, and consequently the relative total death-rate for all 
ages will vary. 

The age-djstribution of populations is therefore of great im- 
portance in determining the relative value of their death-rates. 
If they are identical in two localities, then any differences in 
their death-rates may be referred to influences peculiar to each 
place. 

The same reasoning applies for sex distribution. At nearly 
all ages the death-rate of females is lower than that of males. 
Consequently an excess of females (as in residential neighbour- 
hoods with a large number of domestic servants) must tend to 
lower the death-rate of a district, without implying a necessarily 
better sanitary condition. 
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I 



A e> 


Age-dlilribntion 


or Popuuiiffli or 1 










Hud<]«»neld. 


Bntiliuil 




Norwicb. 




1I.1G.. Fcnmla. 


Mal«. 


FniniliH. 


MalM. F«m»t«. 


Uuder 5 . 


475 ^02 


soe 


616 


600 617 


5- . 




491 53-2 


584 


687 


669 575 


10- 






534 541 


650 


65S 


521 650 


IG- 






513 681 


6Da 


613 


4BS 566 


20- 






474 672 


430 


483 


378 506 


25- 






Taa 020 


720 


787 


684 806 


35- 






683 659 


554 


502 


614 593 


15- 






413 4S6 


411 


450 


S72 463 


65- 






'250 317 


2S6 


30S 


272 361 


«5- 






119 las 


154 


188 


177 244 


75 and upwards . 


_efl 48 


58 


79 


94 110 




4660 6340 


484S 


5164 


4620 6380 














10,000 


10,000 


10,000 



In the above talile, and Figs. 7 and 8, vliicli illustrate the 
same proltlem, I have compared with England as a whuk the two 
instances among the thii'tj-threc great English towns in whicli the 
age and Bex-distributioR of the population is rospcctivelj most and 
least favourable to a low death-rate. For males it will he seen 
that under 5, out of 10,000 persons at all agi^ in the standard or 
normal population of England and Wales, there were at the 1891 
census 609 males, in Huddersfield 475, in Norwich 606 ; and the 
corresponding number of female children was 616, 502, and 617 
respectively. Norwiuh therefore had, so far as its children under 
5 were concerned, n normal population, while Huddersfield had a 
population witli a very small proportionate number at this age of 
high mortality. 

Over 55 years of age the proportionate number of males in 
England, Huddersfield, and Norwich respectively, was i76, 395, 
and 513, and of femoloa 570, 531, and 705. Thus Uudderafield 
again had the lowest proportion at ages over 55 (ages of high 
mortality) of both males and females, while liorwich at the same 
ages had a higher proportion of males, and a much higher propor- 
tion of females than England and Wales as a whole. 

The problem is to find a means of correcting the death-rat« for 
such variations in nge and sex-distribution of the population as are 
shown in the preceding instances. It can bo ofTocted in two ways. 



ited in two ways. j 
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1) The nietliod to be described on pago 109 ; and 
_3J A atatement of the deatha at.vurioua groujis of ages, iiiul in 

Iho two seses, in proportion to the population in cacli of tliefio agu 

and sox-groups. 

The distributiou of the population an to age and sex favours a 

low mortality — 

(1) In newly-Bettled comraiiuitiea, 

(2) In towns, andespeciaUywhenthcy are rapidly increasing; and 

(3) In manufacturing as compared with agricultural noigb'i 
bourhoodfi. 

The high mortality which usually holds in audi populations would 
be still higher hut for their favourable age and sex-constitution.' 

Dr. R-uisome gives an example whidi may serve aa a further 
illustration of dilierences in the general -dea^-rate, due simply to 
vajying age-distribution of ]»puIation. Suppose two towns, A and 
S, each with 1000 inhabitaute, and exactly alike in their sanitary 
conditions. A has 150 cliildren under 6 ; li has only 100 under 
5, which in each case die gf the rate of 10 [ler cent, per annum, 
while persons over 5 die- at the rate of 10 per niillc. Reckoning 
up the total mortality per 1000 at all ages, we find that 

In A, out of 150 childi-en, 15 die. 

„ 850 over 5, 8'5 die : equal to 23'5 i«r JOOO of the 
jKipulation. 

In B, out of 100 children, 10 die. 
„ „ 900 over 5, "9 die ; equal to 19-0 i*r 1000. 

ThuB there ia a difference of 4'6 per 1000 in the death-ntte, due 
simply to differences in the composition of the two populations, 
and a)>art altogether from tlieir state of health. 

Dr. Eansome further jwints out that a death-rate of 10 or even 
12 j>er 1000, which is not infrequently recorded in certain favoured 
districts, cannot be regarded as a true measure of longevity of its 
inhabitants. A death-rate of 10 per 1000 means either that every 
child bom attains the nge of 100 l>efore he dies, or else that the 
.-ivernge age ut death is 100, and that if some die in infancy, othera 
must have lived much more than 100. Similarly, a dcAth-ratc 
of 13 jicr 1000 means an average age at death of over 80. " Under 
present conditions such figures are not attained by any community 
in the world) and can only be looked for in the millennium, when, 
as Isaiaii says, the chUd shall die an hundred years old." 

Method of Oorrection for A«e and Bex-distribution. The 

Kfgistrar-tJenei-al commenced, in Ids Annual Sumnmry for 1883, 
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^H tliQ following method of correcting the iloath-mtes in 


the great 


^H towns, giving ill jmmlli;] columns the i-ocorded and 


corrected 


H^ death-ratea for each towu. Thia hua been continued for sub- 1 


■ Hequout years, and I append tlie tahle for 1897, the towns heing \ 


^V arranged in the order of their corrected death-ratca. 
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33 Towns . 


17-71 


1-0313 


19'10 


20-85 


119S 




■ 


Croydon . 


18-S7 


1-0424 


13-07 


13-63 


781 




■ 


Brighton . . 


18-94 


1-0110 


15 -oe 


16-23 


S74 






Poi'tstnouth 


18-73 


1-0224 


lfl-21 


16-57 


951 






CardiiT . 


17-16 


riisu 


14 94 


16 67 


858 






Wfflt Ham 


17-75 


1-0738 


IB -66 


18-38 


869 






Swansea . 


:7-fis 


1-09-24 


16-82 


17-28 


991 






Derby 


17-38 


1-1031 


ie-03 


17-68 


1014 






Bristol . . 


18-33 


1-0447 


17-20 


17,87 


1031 






Norwich . . 


19B9 


(kfi570 


18 77 


17-08 


1032 






Halifax . 


17 20 


1-1133 


16-48 


18 36 


1053 






Plvmonth . 


19-70 


0-97-20 


19-04 


18-51 


1002 






Hudderflfiold . 


16-17 


l-ie-27 


18-40 


18-07 


1084 






Lsicostor . . 


17 04 


10855 


17-66 


19-17 


1100 






London , 


17-87 


1-0658 


18-19 


19-38 


1112 






Hull . . 


18-23 


10504 


18 56 


19-60 


1119 






Gatrahead . 


17-83 


10740 


18-28 


19-63 


1128 






Ur^dfot^ . . 


lfi-73 


1144B 


17-45 


18-97 


1146 






Birkenhead 


17-42 


1-0993 


18-26 


20-07 


1151 






Nnttinebam 


17-81 


1-0752 


18-78 


20-19 


11ES 






18-25 


10493 


19-70 


20-87 


1186 






Neweastio . 


17 C8 


10893 


1H-09 


20 79 


1193 






Blsukbum 


17-06 


1-1231 


18-60 


21-90 


1258 






Oldhun . . 


16-72 


11453 


19-18 


21-97 


1200 






Leeds . . 


17-28 


11082 


19 83 


22-03 


1264 








16-fl7 


1-1487 


19-SI 


22-41 


I2S8 






Wolverliampton 


18-30 


1-0454 


22-06 


23-07 


1324 






Sheffield . 


17-22 


1-1120 


21-20 


23-67 


1362 






Birmingham 


17-33 


1-1050 


21 -59 


23-88 


1369 






Bolton . 


ia-90 


1-1331 


21-97 


24-89 


1428 






Manchester 


IS 'SO 


1-1331 


23-10 


28-17 


1501 








17-44 


1-0880 


24-37 


26-78 


1536 






rrnBton 


17-42 


1-0993 


24-36 


26-78 


1S36 






Salrofd . 


17 03 


1-1244 


23-Bl 


2a-S8 


1642 
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In tliB preceding table the Standard Deafh^rate signifies th?^ 
' death-rale at all agi's, cnleulutwl cm thi! hyimtlipsia thnt tho rates"- | 
Bt eiich of twelve age-periods in eiivh town ^ 
in England and Wales during the ten years 1881-90, the death- 
rate at all sgea in England and Wales during that period liaving 
• 1 19-15 per 1000. 

The Factor for Corroetion is tho figure by which the recorded 
^atb-rate should be multiplied in order to correct for variationo 
F eex and age-distribution. 
Tlie Corrected Dealh-rcUe is the recorded death-rate multiplied 
Vy the Factor for Correction. 

Tlie Comfiaralive Martalily Figure repreaeuta the Corrected 
X>eath-rat« in each town, compared with tho Recorded Death-rate^ 
^■at all ages in England and Wales in 1B97 taken as 1000. 
^^B The figures in this column may be' rend aa follows: After* 
^^Knaking approximate correction for differences of age and eex- 
^H^distributioR, the same number of living pentonB that gave 1000 
deaths in England and Wales in 1897 gave 781 in Croydon, 874 
in Brighton, etc., etc., and 1542 in Solford. 

The first column in the preceding table ia obtained by aaamning 

»that the mean mortality in England and Wales in 1881-90 held 
good in each town. The age and sex-distribution of each town 
At tlie last census being known, the mean mortality in England 
and Wales, 1881-90, is applied to the population thus constituted, 
and we have as a result the series of death-rates in column 1. 
The differences between the Tarious towns in this colui 
consequently caused simply and solely by difference in age and 
sex-diatributinn. Aa an example of the method of obtaining 

rise damiard death-rates Huddersfield may be taken (see table' 
following page). 
Here the total iropulation of nuddersfield in 1891 = 95,450 
The total number of calculated deaths = 1,572 

The standard death-rBl« ia therefore 



1572 X 1000 
95,420 



16-47 per 1000, 



which corresponds with the rate given in the table on p. 108, 

Now the annual death-rate of England and Wales in 18H1-90 
was 19'15. This ought to l>e the same as the calculated death- 
rate for Huddersfield, which haa been obtained by applying the 
mean annual death-rate of England and Wales at the tlifTerent 
age-groups to the population of Iludderefield at these age-groups. 
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UnlH. 


Fcinilfn. 


Wnlfa. Fsnules. 


Under f. . 


61 '59 


El'SA 


4fir>i 


4785 


280 -249 


S- . 




5 -an 


5-a7 


4<I)>1 


60SI 


25 27 


10- . 




2-SB 


3-11 




6185 


15 13 


16- . 




4-33 


4-4-2 


4905 


5610 


31 25 


20- . 




673 


5 64 


4S41 


5461 


26 30 


25- , 




778 


7-41 


7406 


S334 


58 85 


3E- . 




12'41 


10-61 


6B76 


6205 


09 66 


<5- . 




IB-36 


lfi-09 


3944 


4649 


78 70 


66- . 




34 -eg 


23-46 


2393 


3017 


S3 86 


86- . 




70 '39 


00-38 


iiaa 


1690 


79 98 


76 Bod upwards . 


162'62 


147-98 


250 


466 
60,862 


41 09 
773 799 








44,558 


Totals . 






06,420 


1572 
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But the death-rato for Hudderafield is lomer, as showa above, 
which must uriao from the fact tliat the distributioii of age and 
sex in the Huddersheld population is more favourable tliau in tte 
country generally. That this is so can be seen from the table on 
p. 104 and by a glance at figures 7 and 8. 

The standard death-rate being lower for Huddersfield must be" 
raised in a certain ratio in order to bring it into comjiurison with Llie 
death-rate of England and Wales — i.e., it must be increased in the 
proportion of 16-47 to 19-15. But the fraction |^=1'1627. 

This, then, is the faeior for correction for age and aex-diatribu- 
tion by which the recorded death-rate of Huddersfield must be 
multiplied in order that it may be comparable witli that of 
England and Wales. It may be objected that the mean age 
and sex-distribution of the decermium 1881-90 is assumed in the 
above calculation to hold good for every year of the succeeding 
decennium. Thia, however, can bo proved to be approximately 
accurate, inasmuch as in [npulations whose chief occupations 
remain tho same the age and sex-tUatribution do not alter greatly 
in a single decennium. It may be objected again that tlie facttw 
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r correction figure, which is accurate when applied to the rate 
■ of an entire decade, may not l>e equally accurate for each year 
T that decade. But ou selecting for cumporison two years, one 
V icxtrcinely hot and therofore dangerouB to the young, and the other 
J extremely cold and dangerous to tlie aged, the RegiatrarGeneral 
btuul tlittt the error due ft tlia use of the decennial correction 
I a constant, insti'iid of a Bjiecial correction figure for 
U year, was so small that it might practically be disregarded. 
~y multiplying the recorded death-rates in column 3 (p. 108), 
^y Uie factors for correction, we obtain the corrected dcath-ratoSs 

E" 'ven in column 4. Thegc are the death-rates which would have 
len recorded in each to^vn had its population heen identical, so 
far as age and sex-distribution are concerned, with the population 
of England and Wales. 

Trast worthiness of Oeneral Death-rates. The following 

xemarka of tlic Registrar-General (Annual Summary, 1883) on 
this point are apposite ; " It may naturally be asked, of what 
nee are the general death-rates, as usually given, if they caiuiot 
■fce accepted without further and considerable correction? In 
the first place, if the death-rote in any given town or othar 
area in one year be compared with its death-rates in other 
years, no correction is required; for the age and Bex-distribu- 
tion in an individual town or other area remains practically 
constant; and, secondly, altliough it is doubtlessly true that the 
general death-rates of towns or other areas cannot safely be used 
for accurate comparison between such towns or areas in respect of 
JiealthincBS without further correction, yet they serve as a very 
mluable approximate indication; for if the column 3 be com- 
with column 4, it will be seen tliat whetlier the towns 
arranged according to their recorded or according to their 
corrected death-rates, the order will scarcely be chongetl. The 
correction simply alters the amount of difference between the 
towns, leaving tlie position in which they stand to each other but 
slightly changed." 

Instances of Necessity for Correction. In tlie table on p. 108 

it will be seen that only in two of the thirty-three towns, 

Plymouth and Harwich, is the corrected death-rate lower than 

Lihe recorded dentn-rato. In all the other towns a correctional 

iddition to the recorded death-rate is required, varying in amount 

a 0-17 to 307. 



^^health 
^^ualual 
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This fits in with the general rule thut in rural dMricU tlie age 
and sex-difltribution of tho populution ia leas favourable to a low 
crude death-rate than that in urban districts. In the adminis- 
trative county of West Sussex the factor of correction, calculated 
by Dr. Kelly, ia -93205, and the crude death-rate of 13'27 in 1897 
becomes 12*24. In 1871-80 the mean annual death-rate in 
London and Lancoahiro, taken by Dr. Ogle to represent the urban 
population, was 33'69 per 1000, while the rate in twelve rural 
counties was 19*14. But had the rural population had tlie same 
age and sex-distribution as was the case in the urban population, 
its general death-rate would have been only 16*33. Thus tho true 
comparison between urban and rural death-rates should have been 
between 2369 and 16*33, and not between 23*69 and 19*14. 
{BtiHeiin de rXnstittil hUernaiioTial de StaJislupte, tome vi. p. 83.) 

In heaUh-resorta the amount of correction required ia usually 
greater than in the great towns, the coustitutioii of the population 
being extremely abnormal. Brighton, one of the great towns, is 
an exception to this rule, and Worthing and Littlehampton, the 
factors of correction of which have been calculated by Dr. Kelly, are 
even more remarkable exceptions. With the exceptions mentioned, 
the following factors of correction have been calculated by me : — 





Popnlntion 
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iwr. 




Cnide. 


Comclid. 


Brigliton . . . 


121.401 


1-0110 


IBl 


16*8 




31.331 


1*0B41! 


13*7 


U*4 


Eastliounie 


16,698 


1*1243 


8*2 


9*2 


Margnte . 




1*1383 






Bonmemouth . 


68,820 


1*1368 


10*1 


11-5 


Worthing . . . 


i!0,tOO 


-IIB300 


13*S 


' 13*4 


Littlelianipton . 


6,H0O 


*BilS71 


12*2 


ia-2 






Dr. Tatham (Supplement to Fifty-fifth Annual Rejxjrt Ref/wtrar- 
General, part i. p. xxxviii.) instances ten uriian districts, in all of 
which the crude death-rate was about 19*8 per 1000, but in which 
the rates, when a^jURted for differences of age and sex-constitu- 
tion of popidatioQ, were found to range between such extremes as 
'"■6 per 1000 (Bridge), and 21 '9 (Dewsbury). In the same volume 
the crude and corrected death-rates for males and females 

every registration county of England and Wales. In comment- 
ing on this subject, Dr. Tatham remarks : " It ia futile to compare 
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the crude deatli-ratea of liiffureiit (liatricta unless their populationa 
are known to be alike ^vitli respect to age and BGx-(^oIlBUt1ltioIl.'' 

From an iaiervalional stondpioiDt, corrected denth-ratea are also 
of great importance, and it is unfortunute tliat but scanty data are 
available. The following instance of the extent of correction 
required ia given by Dr. Ogle. In 1881 tha general death-rate in 
England and Wales waa 18'9 per 1000 of all ages, while the genond 
death-rate in France waa 23-0, i.e., 3-1 higher than England. But 
tad the age distribution of the French population been identical 
with that of the English population, the French general death-rate 
would have been 209, and not 22-0. Thus of the 3-1 differt 
lietweeu the two rates, 2'0 was due to diiference of I 
ditiou, and I-l was due to differences of oge-diatribiition. 

Dr. Ogle, at the meeting of the International Institute of 
Statistica in Vienna, 1891, proposed the establishment and inter- 
national use of a Standard Population, with fixed age and sex- 
diatribution in tlio calculation and comparison of marrii^e, hirth, 
and death-rates. He gives in his paper a comparative table of 
the age and sex-distribution of the population in England and 
Wales (1881), Austria (1880), Switzerland (l^^O). fiermany 
(1880), HoUand (1879), France (1881), and Italy (1881), from 
which the following particulars are taken : — 
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(im. 
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H>lu. twiiiet. 
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B7S 


B86 6RI 


466 463 


817 611 


B-JO. 


604 


eos 


672 G73 


459 461 ' 


641 637 


lO-lS . . 


biO 


539 


519 Glfl 


426 416 


491 485 


16-20. . 


<8a 


492 


406 471 


436 431 


460 466 


80-26. . 


KS 


468 


421 437 


437 498 


427 447 


26-SS. 


701 


769 


691 726 


698 681 


700 726 


3G-4S . 


GIS 


G87 


677 60B 


665 664 


606 625 


46-GS . 


aes 


439 


430 485 


566 fi77 


472 499 


BG-6S . 


278 


S12 


326 365 


447 457 


368 S81 


li6-76 . . 


IGO 


178 


166 1»0 


276 290 


194 209 


7S-86. 


GO 


64 


49 67 


100 112 


63 70 


SSAnpwsrHi 


6 


9 
G132 


4 B 
490S 6096 


18 IS 
4983 5012 


7 9 
4936 6064 


All .ge» . 


4866 




10,000 


10,000 


10,000 


10,000 




I 



1 



VITAL STATISTICS. 



Applying tht3 death-rates at each age-perifxi 
Wales in 1881 to tlie several jiopulations, and atlding up in each 
case the numbers of deaths aroong miUes and females at each 
age-period, Dr. Ogle found that with identical deatli-rates at each 
age and in each Bex, the general death-rate — that is, the death-rate 
as usually calculated — would be : — 

18'88 per 1000 m England and Wales. 
18-82 „ „ Austria. 
19-38 „ „ Switnerland. 
19-21 „ „ Germany, 
20-18 „ „ Holland. 
21-31 „ „ France. 
19-33 „ „ Italy. 
Dr. Ogle remarks, "Were these death-rates put before the 
general public, they would scarcely escape falling into serious 
- error, for they would almost certainly ascribe to difference of 
lieolthiness differences merely due to the different composition of 
the populations in regard to ago and sex." To avoid this. Dr. Ogle 
proposed that the population in the preceding table representing 
the aggregate population of seven European states (about 170 
million persons) should be taken as a standard for general inter- 
national use. 

Dr. Kordfli of Budapesth adopts Sweden as his standard popu- 
lation, and employs a distribution of ages only,* dividing 
population into four periods only, viz. : — 

All under one year. I Twenty to fifty years. 

One to twenty yeara. | All over fifty years. 

This docs not appear to admit of such exact correction for age- 
distribution as the population proposed by Dr. Ogle, and makes no 
correction for sex-diatribution. The classification of ages is un- 
satisfactory, in view of the tendency for the ages of persons both 
at the census and in the death-returns to bo entered in round 
numbers at each decennial period (see figure 1, page 3) ; and it is 
doubtful if the subdivision of ages ia sufficient to ensure accuracy. 
The subject of correction for age and sex-constitution of popula- 
tion will require furt;her consideration in connection with special 
causes of mortality {pp. 188 and 315), and with the fatality from 
various diseases (p. 336). 

* MortalitiitB Coefficient u. HortilitiiU Inilox, Burccbnnng des Intenitt. 
Sterblicbkeits Indexci fiir 14 SUntcn, J. K'lriid, Ini. SMUt. BuUriin G, 
ISg'2, p. a05. 
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CHAPTER XIII. / 



MALE AND FEMALE MORTALITY AT DIFFERENT AGEa \ 



IN the laat chapter, the disturbing influence of varying age and I 
sex-dietribution of the population on the gonenil rate of I 
[ mortality has been iliacusstid, and the method by which the fallacy 
( involved can be avoided haa been doaeribed. 

Death-rate at AKe-perIadB.^A statement of the death-rate at 
L Tarioua groups of agea jwr 1000 living at these ages, is also quite 
] trustworthy for comparison with other towns and diwtriuta. To 
I obtuin this, it is necessary to know — ' 

1, The population at dilTerent age-groupa. 

2. The deaths at dilferent' age-groups. 

The latter are obtained from the local registrar's death-returua ; 

the former may be ascertained in the case of each urban and rural 

sanitary authority by an application to each group of ages of the 

same method of estimation for increase of population as tliat 

described on page 6. It is oaaumed that the rate of inci-eose of 

population in each age-group is the same as holds good fur the 

L to^ population at all agei^. Thus, if the numbers living at each 

Eage^TOUp in 1881 and 1891 are known from the cooaua retuma, 

Btbe calculation is short. If the age-constitution of the population 

T& question at the 1881 census is unknown, the following method 

'■Will give an approximately accurate result. It is assumed that the 

^^distribution does not vary between the two census enumerations, 

an assumption approximately correct vlien tho prevailing industry 

in a given neighbourhood has not altoretL Then tho total popula- 

[ Won in 1881 and in 1891, and the population distributed according 

Lto age and sex in 1891 Ijeing given, the finding of the distributed 

llpopulation of 1896 is a mere question of proportion. 

r Thus, if the total population of a town in 1891 is 107,546, 

I and the number living aged 10-15 is 10,741, while tho total 

l-popnlalion in 1881 is 92,4:81, to find the number living aged 

I 10-15 in 1896, the calculation ivill be in three stages. 






VITAL STATISTICS. 

(1) Fiatl the rate of mcreoae per unit of populiition from 1881 
to 1891. 

92,481(1 +r)">= 107,546. 
Therefore loR. {1 +r) = TV (log- 107,546 -log. 92,481). 
Therefore l+r = l-015. 

Wliere r = rate of increase per unit of population = •OIB.*' 

(2) Find from tliis the total mean population for 1896, i.e., 
after a lapse of 5J years. If P = iiiean population of 1896. 

P = 107,54G{1-015)*'- 
Hence P= 116,363. 

(3) Find in this population the numlwr living aged 10-15. 

If ^=thia number, 

Then 107,546 : 1 16,363 : : 10,741 : x. 

TIiereforea;= 11,625, 

There are ftro falne methods of estimating the rate of mortality 
at different ages. The first of these is to calculate tlie proportion 
of deaths to total deaths ; and the second to calculate the 
proportion of deaths at various age-groups to the population at 
all ages. The faUacy involved in the first method arises from 
the fact that either a diminution in the total deaths or an increase 
in the deaths at any age-group would increase tlie proportional 
deaths at the age ^Toup under consideration, though its interpreta- 
tion in the two cases would be essentially different. Or if a 
reduction in both the total deaths and the deaths at a given age- 
grouji occurred, this reduction might be entirely Iiidden by the 
statement of the result as a proportion between the two. 

The second method is equally fallacious ; as apart from any con- 
ditions adverse to health, the number of deaths at various age-groups, 
and therefore the proportion of these to the entire population, will 
vary with the number living at the same age-groups. 

For tntall populafiom o. too minute division of oge-gronpe 
is unadvisable. Deductions from a small number of individual 
facta are seldom so trustworthy as when the basis on which on 
inference is founded is wider, and accidental causes of variation 
are thus to a large extent eliminated. 

The tables on pp. 103 and 110 give the death-rates at various 
ago-groujffl per 1000 living at these (^e-groups at various periods. 

It will be seen that under 5 and over 55 the death-rate per 
1000 living at eacli group of afi;ea is Iiigher than the general 
death-rate at all ages; while at ages between 5 and 45 the 
mortality in both sexes is lower than the general death-rate, being 
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its lowest ebb between 10 and 15, and much lower between 
5 and 25 than at BucceaJing ages. It ia evident, therefore, tliat 
the age-distribution which would bo most favourable to a low 
, mortality ia one containing an undue proportion of persons aged 
5 to 25 — aucli a population as would naturally arise from a 
coDtinuously high birth-rat«. Between 46 and 55 thci'o is a 
ditference between the two sexes. In 1891-95 among men £^ed 
45-55 the death-iate waH 19'8, identical with that fur all ages; 
among women aged 45-55 the death-rate was 15-3, or 24 jier 
1000 below that for females of all ages. 

Infantile Mortality will be separately discussed in the next 
chapter. 

Deathrates at other Age-periods. The tables on pp. 103 and 

110 and figures 8 and 11 should bo studied, and the remarks on 
the death-rate at different ages on p. 103. The death-rate of 
children under 5 years of age, which, like all other rates, should 
be calculated on the number of persons living at theso ages, forma, 
probably, a more important hygienic test than the death-rate at 
any subsequent age-period. The changes which have occurred 
between 1846 and 1896 in the death-rate at different age-groups 
in the two sexes may be studied in Tables 13 and 14 of the 
Seffigtrar-Generafe Annual. Report. 

Dr. Farr adopted a quiuquenuial grouping of ages before 25, 

I and after this age a decennial, odd figures being selectetl as the 

I limiting ngea of the groups (25-35, eta). This method, was 

adopted in order to avoid the fallacy caused by the tendency 

' which both the census and death-returns show to state ages at 

1 round figures as 20, 30, etc. It might be supixaed that smaller 

groups of years would give more valuable results ; but in view of 

I the preceding consideration, the elalwration of groups would 

, evidently tend to diminish the true value of the results obtained. 

Dr. Forr states the case against further differentiation of groups 

thus : " In exhibiting such an abstract, I should commit a fault 

' which I deem it most important to avoid — that of assuming the 

delusive appearance of more minute accuracy than actually exists." 

Effect of Sex on Mortality. The table on p. 103 shows that 
I female mortality was lower than male mortality at all ages except 
B-20 in the yeara 1B91-95. 

At the ages 5-10 and 15-20 the two sexca had an equal death-rate. 
1 Between lO and 15 female was slightly higher than male mortality. 
I The dangers connected with child-bearing do not prevoat the 
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genend female mortality at child-bearirig ngea from Ijoing lower 
than tiiat of iiialQs. 

From what has been stated, it will bo evident that an eiccess of 
females, at any ngee except 5-20, would tend, thougli but slightly, 
to lower the general rate of mortality. Residential towns and 
watering-places appear slightly healthier than they are, owing, 
among other reasons, to the large proportion of domestie servants 
at ages when they are least prone to iUnes!) auij death. The 
femide death-rate is generally lowest in the towns in which the 
excess of the female [xipulation is greatest. 

The comparative crude death-rates of males and females for 
auccossive groups of years are shown in the following table : — 
: AT M,L Ages op Males aub Feuialeb 
(England and Wales). 








Uilea. Fcmilci. 


1838-40 . 

ien-60 . 

18B1-60 . 
1881-70 . 
1871-80 . 
1881-90 . 

iesi-s5 . 

1898 




23-3 21-5 
23 ■! 21-6 
23 '1 21-4 
23-7 21-4 
22-7 20-1 
20'3 18-1 
lfl-8 177 
18-1 10-1 



Thus between 1841-50 and 1891-95, the death-rate of malea 
hafl declined to the extent of 14-3 per cent., and of females, 18-1 
per cent We have already seen that the proportion of boya to 
girls at hirth in the English population is steadily declining 
(p. 81), and that even in the first year of life the prospects of 
life in tlie female are superior to those in the male. 

It might he inferred that inasmuch as (a) the proportionate 
number of wales with their higher rate of mortality is diminish- 
ing in the population, and (6) the female doath-rat« is decreasing 
at most ages more rapidly than tlie male, the recent improvement 
in general mortality is due to these causes, and not to an improve- 
ment of the conilition under which the mule population livos.^ 
As shown in the above table, the difference between the male and 
female death-ratea in 1S91-95 was 2-1. The distui'hing influence 
of ses-dietribution on the general death-rate might therefore con- 
ceivably be considerahle. If we imagined the entire popnlatioi 
conaiBt of females, without any alteration in conditions o' 



ions of life, tfa^^J 
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death-Tute would become 17-7 instead of 19-8. The excess of 
Jeniule population actually pi'eseut in any district has, however, 
only a comparatively small influence on the general death-rate, and 
Buch errore as exist can easily be rectified by the method of correc- 
tion for nge and aex-distribution already described (p, 109). 
POPOLATioN AT Census 1891. 



Snmber 



rnmber at eaoh age out of IDDO 1 Male 61 

at all agei in batb aexen. f Female 62 

at each ago out of 1000 I Male 120 

of Booh sex. j Female 120 



= 1000 



The preceding table shows the variation in age composkioQ of 

I the two sexes. Among females there is a much larger proportion 

Laf very aged persons and a smaller projKirtiori of young children 

Ijlhan among males. For this reason, in a strictly accurate com- 

r parison between the sexes, it is necessary to calculat4>, by means of 

tbo rates at the succeesive age-periods, the mortality in a Btandaid 

million of population. The standard million adopted {Supplement 

to Fifty-ffih Beporl of Ihe Jtei/ietrar-Gerieral, part i. p. xxxvii.) ia a 

million having the age- distribution of the ontiie country in 1881— 

I 90. The mean population in 1S81-90 is reduced to an average 

Ksiillion of persona constituted as follows: — 




A,. 


Malai. FniDBtH. 


0- . . . 


64,122 64,657 


6- 








59,333 69.673 


10- 








64,806 64,766 


16- 








49,720 60,287 


20- 








42,922 47,564 


26- 








71,131 77,499 


85- 








55.096 58,914 


«- 








40,472 44,478 


66- 








27,161 80,S93 


es- 








16,184 18,328 


76 and upwards 




0,501 7,187 


^■gea. . . 


485,627 514,473 




1,000,000 



I causes of the higher mortcdity amon'j men are largely 
L connected with the greater hardships and dangers of their 
I-pfltions. Tliese will be fully discussed in Chapter XVII. The 
' 3ater amount of iuteinperanee among men has no inconsiderable 
iflnence in the same direction. 
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INFANTILE POPULATION. Li considering tUe mortality 
lit dilTerent agea, the first group of ages (under 6) requires 
further consideration, and eai>ecially the mortality under one year 
of age (infantile mortality). In order to ascertain the infantile 
mortality, it itt necessary to know tlie infantile iwpulation. And 
in tliia case the census ennmerationa do not give us trustworthy 
information. The ages of infanta are very commonly incorrectly 
returned at the ceosus. The number under one year old is 
certainly understated (many in tlieir first year being rotumcd as 
one year old). A smaller number in thoir second year are 
returned as two years old, and so on. It has been sought to 
explain the deficiency of infants returned at the census by 
omissions in enumeration, but Ur, Farr has attrihtitod it rightly 
to confusion between the current year of age and the completed 
years of life, rather than to actual omissions. On account of 
this deficiency in the census number of infante, it is preferable 
to estimate their morlalily in pri^ortion to every thousand births. 
A more strictly correct plan woidd be to take the mean of the 
births of the current and tlie inuuodiatoly preceding year as 
giving the true infantile population ; but as this plan is not 
usually adopted, for the sake of uniformity the births of the 
current year are taken. 

Infantile Mortality. The infantile mortality then is the 
annual numlier of deaths of infants under one year of age to 
every thousand births during tlie same year, Tho rate of 
infantile mortality is regarded aa a most reliable tet^t of the 
snuitaty condition of a district, owing to the fact tliat migration 
does not greatly affect tho result at tiiis early age. If the 
itary condition" be regarded aa including tho complex con- 
ditions comprised in differencea of social status, this is doubt- 
less correct. Dr. Rumsey held that premature birtlis sliould be 
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struck out of account Imth of the living iind dying. It should 
be rvmembered that still-hirths are in this country excluded from 
registration, though in Fruoce thej ure included. The boat plan 
would be to insist ou regifitration in every case, making a clasa 
separate from birtlia and deatlia, in which Btill-birtha and pos- 
sibly premature births would find a logical place. 

The infantile mortality in 1896 in England and Wales was 14T'5 
per 1000, and corresponded almost exactly with the mean rate 
in the preceding ten years. In registration counties the infantile 
mortality in the ten years, 1886-94, ranged from 98 in Dorset- 
shire, 104 in Wiltshire and Westmoreland, and 109 in Berkshire, 
to 153 in London, 157 in Durham, 161 in StalTordahire, and 170 
in Lancashire. Among the great towns in 1897 it ranged from 
131 in Hudderafield, and 135 in Croydon, to 220 in Burnley, 
and 262 in Preston. In London it was 159, as compared witli 
an average of 155 in the t«n preceding years. That the differ- 
cnces in infantile mortality are not casual is shown by their 
re)ietition year after year, the general rule being that the rate 
Lb highest in miuiug districts and those with textile industries, 
and lowest in purely ogriculturn] districts. 

■ Uutalltr of IiiflEints in each Month of First Tear. Life 

Bk most liable to perish in its earliest stages, " the liability de- 
[TcTeaaing in something like geometrical progression until the body 
hecoiues developed and the reproductive function is established, 
wlien the chances of destruction again increase, the succession 
of the species being thus secured" (Rumscy). With each week 
after birth the danger of death diminishes. For this reason 
it is advisable in dealing with largo populations to state the 
monthly or even weekly mortality of infants. The rate of mor- 
tality of boys in every month of the firet year of life exceeds 
that of girls, so that, in spite of the much larger number of boys 
birth, they are fewer in number than girls at the end of the 

year. 
In tlio Fifli/-/ourth Annual Report of the ReijiMrar-Oeneral 
(1891) is a very ini[>artant discussion of infantile mortality. 
This embodies the experience of infantile mortality iji three 
Belpctod towns — Preston, Leicester, and Blackburn — which almost 
invariably occupy the highest position in infantile mortality, of 
five mining or industrial counties — StatTordahire, Leicestershire 
Lancashire, W. Riding, and Diiriiam,— and of three agricultural 
counties — Hcrtfontshiio, Wiltshire, and Dorsetshiro. 
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ConnUu. 


CoonliH. 




CoobUm. 






At Birth . 


1000 


1000 


1000 


213 


331 


882 


a MDDthB 


048 


921 


909 


76 


164 


340 


6 „ 


B31 


88S 


see 


61 


128 


130 


13 „ 


90S 


831 


782 


~ 


~ 


■" 



The differences in the death-ratoa and aurvivuls at cacli period 
of throe or Bix montha epoak for theniaelvea. 

The same report contains an infantile life-tahle for the preceding 
three rural counties and three towns (p. xii). From this it can be 
gathered that the mortality is highest in the first day of life, iind 
then fnlU rapidly, though still high iu the remaining days of the 
first week. Tlie mortality falls enormously in the second veek, 
remains at nearly the same level through the third, and showe a 
considemhlo decline in the fourth week. In the second montli tJie 
mortality is only a amotl fraction of that in the first month ; it 
then falls more ^ndually to the end of the seventh or eighth month, 
after which but little change occurs. Comparing the town rate 
with the rural rote, in the whole year 218 deaths occur in tho 
former, and only 97 in the fdnner out of 1000 births. This higher 
death-rate holds good throughout the entire year. Furthermore, 
it ifi in the later months that the chief excess of mortality occurs 
in the urban rates. Thus, In the firat week of life the town rate 
exceeds tbe I'untI rate by 23 per cent, in the second week by 
64 ])er cpnt., in the third week by 83 per cent.', and in the fourth 
week by 97 per cent. Similarly in the first month the town rate 
is 27 per cent, above the rural rate, in the second month 121 per 
cent, above it; the excess going on increasing until in the sixth 
month it amounta to 273 per cent,, its highest point, though the 
exoess does not decline to a much lower point throughout the 
rest ot the year. 

Healthy District Experience of Infantile Mortality. Since 
the Fij'ty-fourlh Aiiniutl Ilc^rl. uf Ihe Ueyistrar-Ueiieral appeared. 
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the chief contents of which relating to infantile mortality have 
been sumniariKed in the preceding' paragraph, the Neto Heallhy 
Didrvi Life-iaUe, by Dr. Tatham, hae been published (Sujiplemenl 
Fifty-fiflh Repm-t of the Reffidrar-Gmeral, part ii. p. oiL). ThU ia 
based on the experience of one-sixth of the whole population of 
England and Wales (4,606,503 persons), which had death-rates in 
a standard population below 15 per 1000 in 1881-90. 

The death-rate among infants under one year, as shown by this 
life-table, is even under the most favourable circumstances very 
high ; an equally high death-rate not being again experienced untQ 
the age of about 80 years. About half of the first year's mortality 
' 1 the first three months. 



NCKBEB OK 


ESPEHIESCB OF 1881-90. 
Sdrvivohs at bach aob out op lOOC 


uvl-BOBN. 




Ualua. 


""&"^ 


Toi.a-*lp. 


DtBlrtcti. 


Bom . 
3 moDtliB 
6 do. 

la do. 




1000 
921 

sse 

630 


1000 
895 
84a 
769 


1000 
930 
81* 
881 




Femtlea. 


Born 

3 nioutUs . 
6 do. 
12 do. 


1000 
B3S 
Bll 


1000 
918 
075 
808 


10DD 
061 
931 
907 



It is evident that the gain from being bom in a healthy district 
even greater in the latter nine than in the first tiiree months of 
e first year of life, thus strongly confirming the figures given in 
ftie preceding i)aragi'ai)h from three selected counties and towns. 

Causes of Death among InfaJita In the following table the 
Ldeaths of male and female infant«i under one year of age in 
in the year 1 895, are arranged in the order of the numlwr 
E deaths from each cause. It will be o1»crvcd that the doathfl 
e also stated for^ach sex in proportion to the infantile popula- 
' :., the nearest approximation to It that is ascertainable, 



134 



VITAL STATISTICS. 



viz., the number of birtlia during the year ; aud in proportion to 
the deaths from the same dieease at ail ages. The percentages 
under the last huiding give useful information as to the relative 
proportion of deatlis from different causes oecurring under one year 
of age; but they cannot be trustai beyond this. Thus a aenouB 
error would be caused by arguing that because 12'2 aud 25*1 per 
cent, of the total fatal accidents at all ages in the male and female 
sex respectively occurred under one year of ago, female infante 
were more subject to accident than male infants, the difference 
being caused by the fact that at higher ages females are much less 
subject to fatal accident than males. The real facts are in favour 
of female infants, only 2'9 out of every 1000 bom dying under one 
year aa the result of accident, while 3'1 die among male infants. 

The largest producer of infantile mortality (atrophy, debility 
and inanition) evidently includes a large number of ill-defined 
conditions, many of which are congenital Diarrlicea will be 
considered later (p. 204). ConvuIsioDs again include diverse 
conditions, of which some at least are connected with parturition. 
This is indicated by the higher mortality from this cause among 
male infants, and by the fact that over 50 per cent, of the in- 
fantile deaths from convulsions occur under three months of age. 
It is remarkable that under so many heads there is an excess of 
male over female mortality. The only heading among the fifteen 
chief causes of infantile mortality tabulated on p. 125, under 
which female infantile mortality is higher than mole, is whooping- 
cough (see opposite page). 

Accompanying the life-table in the Fifty-fimrth Rejiorf of the 
Seyistrar'Oeneral is a discussion of the facts relating to tlie chief 
causes of infantile mortality in England aud Wales, 1889-91, 

In this report the causes of death of infants who die in the first 
year of life out of 100,000 live-bom children are examined. The 
following features are seen to hold for both mral and urban 
experience. The excessive mortality of the first month is almost 
entirely due to premature birth, congenital malformations, and 
feeble vitality (atelectasis, atrophy, convulsions). Over four-fifths 
of the deaths in the first month are returned under .these five 
headings. Diarrhceal complaints reach their maximum destnio- 
livencss in the third to the sixth montli. Dentition appears as a 
cause of death oftenest in the last three montlis of the year. The 
comparative immunity from zymotic diseases of infant)! in the 
earliest montlis is very jnarked. ^Tiooping-cough appears earliest. 
The deaths from measles do uut become numerous until the eighth 
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Deaths of Istabtb ondeh One Fkah of Aok, England 
AND Wales, 1895. 
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11,756 
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69-6 
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or ninth month. Scarlet fever scarcely makes ita apjiearance in 
tho first year of life. 

Tlie Tiiortality from diarrhceiJ complnints is more than aeven 
times, that from measles and scarlet fever is more than three 
times, as great in the town as in the country. Syphilis shows 
itfiolf still more as an ut'han disease. SuiTocation, mostly from 
overlaying in hed, and generally due to drunkenness, is also greatly 
in excess in towns. The mortality from premature birth is nearly 
twice as high in the towns as in the rural counties. 

Faeton of InfantUe HortaUt7. Some of the causes of infantile 
mortality are common to every locality: Such are — 

(1) Prematurity of birth and congenital defects. The health 
conditions under which the motlicr lives have on undoubted 
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influence on the vitality of her progeny, and on 
of premature birth. 

(2) Hereditary tendencies, such as the inheritance of ayphilia, 
or degradation and drunkenness of parents, hnve also a very 
important influence. Some check on the marriage of unsuitable 
people has been suggest43d, eecuring the greatest good of the 
greatest number, and, in Dr. Farr's words, rendering "growth 
more perfect, decay less rapid, life more vigorous, and deatii more 
remote." The practicability of thU is, however, more than 
doubtful. 

(3) The inexperience and neglect of mothers, especially of the 
industrial classes, is a most important factor in infantile mortality. 
As regards inexperieTtee, it has been suggested that the deaths of 
firat-bom children should bo separated from the general infantile 
mortality. Such returns would undoubtedly show that iiist-bom 
children die at a higher rate than children of a later birth ; but 

B of the excess would he attributable to greater difficulty in 
parturitiou, as well as to parental inexperience. Neglect on the 
part of parents is largely due to — 

(4) Industrial comlitions. In the large centres of industry the 
employment of women in mills during pregnancy and at nn early 
iuterval after cliildbirth has a deleterious effect on the welfare of 
their infants. The latter are sent out to imrse during the day, 
and commonly fed on farinaceous food, instead of milk. 

The following table suggests a partial but not a regular relation- 
ship lietween under-age marriiges of women and a high infantile 
mortahty. 
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INTANTILE MORTALITY. 

Dr. Geo, Reid, in a pnper rciul bpfore the British Medical Aaso- 
datioa, 1892, gave thn following slatieticfi of infantile mortality 
in relation to the employment of married women In factories in 
StaffonlshJTe. The population included in the statistics amounted 
to 438,712, and the stntistics covered a period of ten years. Only 
towns having distinctly artisan populations were included. Tho 
towns were tlien classified under three heads as shown below : — 

aTAFFOBDSHIBE. 





Avengs BUat Ld On)Dpl c 
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DiHrtiua 


Gunenl 
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112,078 

161,560 

185,074 


196 

m 
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28 
20 

19 


22'S 
19-1 

18 ■! 



Although it is probable that other factors were co-operating, 
the preceding figures seem to betoken a relationalup Iwtween 
tho factory employment of mothers and an excessive death-rate 
among their infants. There are, however, certain facta which 
appear to indicate that female occupation ia not the cliief factor 
at work. Thus in the mining districts of Uurham and South 
Wales, in which women are not much engaged in industrial 
occupations, the infant mortality is higher than in the West 
Riding of Yorkshire, where many married women are employed 
in factories. Similarly the gradual increase in the number of 
premature births has ])een ascribed to the increasing industrial 
employment of womeu ; but the death-rate from premature birtlis 
is higher in Norfolk and Suffolk, where only 20 per cent, of the 
women are enjiaged in soma occupation, than in LancaslUre and the 
West Rilling of Yorkshire, where as high a proportion as 37 to 43 
per cent, of the women are thus employed (N. A. Humphreys). 

(5) Social potiHon is closely related to industrial conditions 
in its inliuenee on infantile mortality. Thus in 1897 the infantile 
mortality per 1000 births ranged in London from 116 in Plum- 
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Btead and 127 in Kampstcad to 195 in St. Saviour's, and 197 iu 
St. George's-in-tlie-East ; in tlie thirty-threu gruat towns it rouged 
from 131 in Iluddersfield to 262 in Preston; nnd in sisty-seven 
other large towns it ranged from lOti in HornBey to 254 in 
Longton. Here we evidently have intermingled the effects on 
infantile vitality of so«ial, induftrinl, and sanitary conditions of 
life. Fair's Heaifhy Districia Li/e-Tabk, based on the exjwncnce 
of sixty-threo mrnl districts, showed an infantile death-rate of 103. 
Mr. C. Ansell (Stalisfiet of Fariiiliee in Upjier awl Pro/esnional 
CUueea, 1874) found as the result of an inquiry relating to 49,099 
Englisli children of the upper and professional claaseB, of whom 
2 per cent were still-bom, an infantile mortidity of 80'5 jwr 1000 
bom. 

(6) Impr/>}>er /oai and methods of feeding are responsible 
for a large share of infantile mortolity. The improper substi- 
tution of farinaceotis for milk food has been already mentioned. 
The use of uncleanly bottles containing milk in an incipient 
»tate of putrefaction is a common aouree of infantile diiirrhcea. 
The dose connection lietween metlioda of feeding and infantile 
tnortality is shown by the fact that during the sufferings nnd 
starvation connected with the siege of Paris in 1870-71. while 
the general mortality was doubted, that of infanta is said to 
have been reduced by about 40 per cent, owing to mothers being 
obliged to euekle their infants. The same increase of adult and 
diminution of infant mortality was seen during the Lancashire 
ootton famine, when mothers were not at work at the mills. 
When iiu]iroper feeding is a chief factor in producing infantile 
mortality, then a large proportion of the deaths are from diarrhoea 
and digestive diseases. Convulsions, again, are very commonly 
due to the irritation produced by improper food. 

(7) The deaths from accidental or homicidal violenee require 
consideration. 

In 1895, 29'6 per cent of the total liomieides in England and 
Wales (311), aud 159 per cent of the total accidental deaths 
(17,643) occurred among infanta nnder one year of a^e. The 
infantile death-rate from accident and negligence was in the same 
year for males 3-1 per 1000 births, for females 2-9 per 1000 
births. The number 6f deaths of infants from suffocation in 
bed has increased from 134 per 1,000,000 births in 1885 to 174 
in 1890. Dr. Ogle found that these deaths occur chiefly on 
Saturday nights, the niglit on which there is the maximum 
amount of drunkenness. 
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Inflaeiice of Age of Parents on Vitality of their Children. 
Dr. Matthews Duncan showed that th(i vitality of infants in a 
maternity hospital was greatest when the age of the mother was 
about 24 years. Kortisi has investigated the same subject 
(Transactions of the International Cori^jress of Hygiene arul 
Demography, London, 1891, vol. x. j). 262) from the records at 
Budapesth of the death of 29,813 children under ten years of age 
in relation to the age of their parents. Korosi classifies tlie 
cause of death in these children as " uterine,'* as premature birth, 
weak constitution, and " extrauterine," where the cause of death 
is acquired after birth. Diarrhoea is taken as the most imjx)rtant 
instance of the latter. The general result is, that with the 
youngest mothers the numl)er of weakly children is greatest. 

The influence of the mother is shown in the following table : — 



Age of Mother. 


Oat of 100 D<)atha the cause of DeaUi was 


Weakness or other 
Uterine Cause. 


Diarrhcea. 


Under 2t 
20-30 . 
30-35 . 
Above 35 


57 5% 
36 0% 
26-9% 
28-8% 


26-3% 
21-9% 
18-1 % 
19-3% 




If the mortality 20-30 be stated as 100, 
the following table is obtained : 


Under 20 
20-30 . 
30-35 . 
Above 35 


158 
100 

77 
82 


120 
100 

82 
88 



On the father's side the youngest parents also api>ear to 
disadvantage. Korosi gives elaborate statistics bearing on the 
influence of the difference of age and the combined ages of 
the two parents. The general lessons confirm those tauglit by 
other considerations, viz., that girls should not marry before the 
age of 20, and that old men ought not to marry young women. 
The inquiry is interesting, and it is unfortunate that the defective 
natal statistics in this country do not j)ermit of its pursuit. It is 
particularly important that such statistics should l>e so classified 
as not to introduce the disturbing influence of social position. 




Infaiitile Mortality in different Countries, Tlie fulJowing 
tal>le from Lfirtillon (oji. cil., p. H3) giviu uuputtuiit data fur 
different European countries: — 



' 




Th.n.u,tar™tof^=vc^.«« 


r,.nn,r^. 


Perlwl or 
















'nil"^*"'*i?"*'" 






)«tof^!. 




IreU.,<J 


1865-83 


BSE) 


104 -S 


Nonwy 


1880-82 


104 '9 


179-1 


Scotland 


1885-81 


122 


230 


Swedon 


186e-82 


131 -9 


222-5 


Deiimnrk 


1870-82 


137-& 


204-9 


BalKium 


I8B7-83 


148-2 


263-2 


KDuUnd and Walen . 
Finland . . 


1868-82 


149-2 


249-3 


1878-80 


184 -9 




France .... 


18715-82 


188 '2 


261-1 


Switzerland . 


1869-80 


196 '2 


268-3 


PruBsia 


1874-82 


207-8 


316-2 


Italy .... 


1872-82 


209-7 


378-5 


An^H* 


1888-88 


2&B-3 


389-9 


Russia in Eiirope . 


1867-78 


266-8 


4E2-9 


Bavaria . , 


1866-83 


308-4 


883 -2 



In Massachiiaetta in the twenty yeais 1874-93, the infant 
mortality per 1000 Urths rangeil between 1720 (in 1875) and 
152-4 (in 1877), the mean being lCl-9. 

In Ilamhu:^, the mortality under one year old in the years 
1882-96 per 1000 living at this age, haa ranged from 201-9 in 
1894, to 368-8 in 1886. Keference must bo made to p, 80 for 
a caution as to the use of the above figures, o\ying to the varying 
significance of the term utill-bom in different ooiintriea. In 
England during 1891-95, the numlier uf deaths under 5 years 
of age per 1000 births was 228-9, wliile the infantile mortality 
■was 151 per 1000 births. 

Effect of Illegitlmacy on Ini^tlle Mortality. An examina- 
tion of Table 11, Iteijisfear-GemraV* Annual Jie/inrt, 1896, p. lii., 
does not show any oonstunt relation between the rate of illegitimacy 
and the entire infantile niortotity in tlie different Euglish counties. 
Possibly a certain number of illegitimate births are in towns 
registered as legitimate, while in rural districts they are correctly 
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Tcgislcped ; n few illegitimato children again escape regiatratioti 
U'lgpllier. If, however, we separate tlie birtlisi of legitimate and 
li-jrilimatc cliUilren, and adupt a like method for the correspond- 
i:'..' deatLs, the reul facte are brought to light. The foUowiug 

I ..'iires for Brighton illustrate this point: — 



D«»tJis of legitimate infantR 

per 1000 Ipgitimnto Inrtlia 134 15S 13B IBl 129 13S 
Uivths of illegitimate iiifsnta 
ptT 1000 itlegiCimate births 300 31!) 173 3SS 233 2flG 

Thus an illegitimate cliild l>om in Brighton during 1897 had 
•■^ ihiin one-half the prosiwct of reaching the end of it« first 
. -itr of life whiuh was enjoyed by a ehild bom in wedlock. 

iJr. Farr suimuariEed a large nuin))er of retuins on the same 
Liljjcct aa follows : — 



In the face of auch facta, the importance of illegitimacy as a 
national calamity is evident, and the following remarka, quoted by 
I 'r. Farr from Von Benioidli, are so apposite that we reproduce 
iheni liere : "The invariable fact tliat the mortality among the 
ill'-'gitimatc is far greater than among the legitimate, and that 
:ii;iny more of lliera are Btill-bom, showa clearly enough how 
iiiiich more unfavourable their position is from the first. Who can 
^'||Ilt lliat their bringing up is much harder and more ditKcultl 
li:it the existence of a claso of men, bound to society by few or 
M'l family tiea, is not a matter of indifference to the State! The 
LK'.it majority of foundlings are illegitimate, which of itself 
iiMwe how little, as a general rale, the mothers can or will care 
-r these children. It is beyond doubt that fewer illegitimate 
.lildrtn grow up to maturity — that they get thraiigh the world 
. itb more trouble — than cliildren born in wedlock, that more of 
.Uem are jKtor, and that therefore more of them become criminals, 
ilirgitimacy is in itself an evil to a man; and the State should 
»«ek to diminiah the numIxT of these birtlis, and carofnlly inquire 
to what riicumstances any increase is to be ascribed." 
The necessity for regulations respectu^ illegitimate infants is 
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indicated by the significant fact tlinl, according to Dr. I,ankest«rs 
ijvidence in ISTl, the inquests requiring to be lirld on illugitiiuati.- 
chitdrau iiuder one yenr of ago oiiioonhMl to 31 per cent, of all thp 
ini|UQt)to held uu infiititH, although such children fonned less tlian 
5 per cent, of tlie total numlter of birtliB. 

Such facts as the preceduig leil lo the pnssing of the Infant 
Life Protection Act, 1892. 

Thia Act enacts that any person rereiving for hire or reward more 
lliau one infant under the age of 5 yenre for the purpose of nunung 
such infants for a lunger period than 48 houm, shall give iiuinediate 
aatic« to the Local Authority, slating particuhvrs an to age, sex, name, 
&c., ol the children. Notice must also be given of the removBl of 
siicli children. It is the duly of every Local Authority to provide for 
the execution of this Act within its district, and for that purpose ma^ 
appoint inspectors to enforce the Act, tor whom power of entry la 
given. It is the duty of the Local Authority to nx the nuinlier of 
infants under the age of b years who may be kept in any dwelling 
under this Act. 

Any person keeping an infant under the age of 2 years, on ooti- 
sideration of a sum of money not exi'eeding £30 jmid down, imd 
without any agreement for further payment, shall give notice to this 
effect lo the Local Authority. 

It is the duty of the Local Aitthority to give public notice of the 
provisions of this Act. 

When any infant coming within the terms of thia Act ie kept in 
any house so unfit or so overcrowded a» to endanger its health, or is 
retained by any person who by reason of negligence, ignorance, or 
uttier cause is so unfit to have its care as to endanger its health, any 
pertion appointed for the purposes of this Act may apply to the Local 
Authority for an order directing him to remove tne infant to a work- 
house or place of safclv- 

An inquest must be held in case of the death of any infant 
respecting whom notice ia required under this Act. 

Insnrance of Inftota in Relation to In&ntile Hortallty. 
Miicli evidence has l)een published on this sulijcet, which has 
Uitti statiittical and eoc'inl interest. In En<j]and, in 1890, there 
were 4,150,000 children under 10 years of age insured, such 
insurance, especially for infants, being general among the indus- 
trial claiues, Tlie maximum sum which is legally payable on the 
death of u child under 5 years is £5 ; the maximuin sum in the 
rosu of a child under 10 yeartt is XIO. The matter has heen 
frequently revised from the legislative c!tand]ioinL The Friendly 
Societies Act of 1829 allowed minors to become members. Tho 
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tst tif 1846 UiiiiWil tlie inrttiraiice ti) thiise over 6 yenrs of ago. 

itttr an tnveetigtilion by u Coiumittoe of tiio Uousu of Ci'inniotis, 
in I**49, the Act of 1846 was altered in 1850, it being rendeml 
lawful to uflsure on the death of a child under the age of 10 years 
to tile extent of actual funeral expenses, payment of which must 
lie made to the undertaker direct. In 1864 the amount that 
coidd bo paid on a child's death was again enlarged. lu 1875, 
after further investigation, the Act was atill further broadened, so 
:u U) allow of the insurance on children iinder 10 years of age 
)ieing |>aid to the pitrents. A more recent Parliamentary inquiry 
re|iorted, in 1891, that they did not consider further legislation 
necessary. 

The Prudential ABSiirauce Company have a table based on the 
experience of nine million insured lives, with which they contrast 
the experience of Farr's English Life-Table, The relative infantile 
mortality in the two is 99'5 and 165'5. As the insurance expe- 
rience almost certainly does not include many new-bora infants, it 
is proposed to omit the first month's deaths from the English 
figures. When tins is done, thoy become 108, as against the 
Prudential 99*5. At ages one to two the respective death-rates, 
according to English and the Prudential Society's exjierience, are 
65-6 and 632 ; two to three, 36-1 and 32-4; three to four, 24-3 
and 18-6 ; four to five, 179 and 13-6 ; five to six, 13-5 and 100 ; 
six to seven, 10'7 and 7*6 ; seven to eight, 9*16 and 5'7 ; eight to 
nine, 7-7 and 4-9 ; nine to ten, 6-6 and 43. 

Tliere are other similar statistics, and it a])pears fairly clear 
that after free allowance for selection of insured lives, and for 
the fallacies connected with the extremely high mortility soon 
after birth, there is no trustworthy statistical evidence of the ill 
effect on the life-prospecte of children from life insurance. There 
is no proof that neglect and crime have been greater in their 
incidence upon insured children, and it can scarcely be hehl tliab 
the prusiiective receipt of uisurance money has been the incentive 
to eliilil neglect anil child murder in more than a very small number 

Relation between Birth-rate and Infantile Hortalitr. Tlie 
infantile dciitlis iR'ing stfited in tlit^ir ritio to llie infantile 
I>opulation, or tlif nearest ii[i[iruximatioi[ to it — in the number 
iif births — that can he ascertained, it is evident that the niunber 
of deaths under one year will necessarily increase with the 
number of birtlis. There is, however, nothing in this to imply 
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Lhut llie infiiutilc tleatli-rale eIiouIiI be increased by a bi^ei 
birth-rate. Dr. H. K. Jonea {Jour. Slaiiat. .Sw., vol. Isii, part i.) 
liaa found a local connectioD in northern towns between a ' " " 
bii'th-rate and a high infantile death-rate, as shown ii 
following table: — 

Northern Towns, 1871-60. 



BirtH-Blfl. 1 lUbiDrinhDUIgHDrUUtr. 


OvBt 35 ... 1 188 
UDder35 ... 1 144 



The aasoeiation is by no means regular, nor di> we consider 
it inevitable. If the birth-iateu and the infantile death-ratcK 
in the thirty-three great toivns iu 1897 be analyzed, the ten 
towns with the highest birth-rates are Gateshead, 351 ; Liverpool, 
3o3; Wolverhampton and Salford, 351; Sunderland, 34'6; 
Sheffield, 34-4; HuU, 33-4; Birmingham, 333; Manchester, 
33-2; and Weat Hoih, 322. The ten town* with the highest 
infantile death-rates were Preston, 262 ; Burnley, 220 ; Salford, 
219; Wolverhampton, 217; Birmingham, 214; Nottingham and 
mackbum, 206; Leicester, 205; Liverpool, 300; Sheffield, 198. 
Thus five appearing in the last list do not appear in the first. 

There is nothing surpnaing in the frequent association of a 
high birth-rate and a high rate of infantile mortality. The 
liighest birth-rates usually occur iu crowded induBtrisd towns, 
in which the evil efi'eets of industrial occupation of married 
women arc commonly associated with those of intern iieiunee, 
:, and neglect, with all that theee factors imply. 



A high degree of density of popnlatioii is i 

associated with a heavy infantile death-rate. Thus I have shown 
{Jour. Staiut. Sw., March, 1891) that iu the Peabody Buildings 
having an average density of 751 pereons to an acre, as compared 
with 68 persons to an acre in the whole of London, there was 
infantile mortality averaging 139 in the nine years 1882-90, 
as compared with 152 for the whole of London. Increased 
density of population, however, conimoiUy carries with it other 
evils. "The direct consequences of close aggregation" (liability 
to fouling of tlie air, the soil, and often the water, and the more 
easy spread of iiifeutioua diaeaaes) "ore probably as notliijig in 
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mparisoii with its iiidirccl coneequcucos or concomitHiite. The 
I nkore crowdeil a comumnky, the greater, s[i«aking genorally, is the 
amount of abject want, of filth, of crime, o( drunkenness, an<l of 
othe.i Bxcesttes, the more keen is the competition, and the more 
fererisli and exlmnatiug the conditions of life. Moreover, anil 
perhaps more Lhnn all, it i)t in these crowded communities Ihut 
almost all the moat dangerous and uiUicalthy induatries are carried 
on. It IE not »o much the aggregation itself as t'hese other factors 
which are Associated with aggregation, that produce the high 
mortality of our great towns or other thickly [Hipulated areas." 
{StijifihniejU iu Forty-jyih Annual Reiiort of ilie Beyuitrai-GmercU, 
p. xxL) The elfect of unhealthy induatrieB ia oidy felt indirectly 
by the infantile ]K}pulatioii ; hut, apart from ttiis, the above 
remarks explain clearly why great density of poptdation and the 
high birth-rate commonly accompanying it are uauolly aaaociated 
with a high rate of infantile mortality. 

The following remarks from my paper on "The Vital Statistics 
of Pi!al>rNly HuOdings," appear to me to state tho true relationship 
lietween a high death-rate, especially a high infantile death-rate, 
and density of population. 

"The nimiher of rooms occupied by each family is of much 
greater importance in relation to health than the number of 
persons living on a given acre, as this fact throws important Ught 
on the state of each tenement as regards overcrowding. In the 
^Pbabody Buildings the average number of persons to each room 
"iven houses properly constructed and drained, and given 
nly habits on the jart of the tenants, increased aggregation of 
fopulation on a given area has no influence in raising the death-rate, 
cept in so far as it is occompunieil by overrruialinij iit imlitfulwd 
mt», an event whicli is by no means necessary under the circum- 
mcee nameil. Iu other words, there is no cauxal relationship 
Btwc«n density of i>opul.itii>n /w.'/- ^e and a high mortality. The 
B index of density is the numluT of [lei'suns to cacli occupied 



CHAPTER XV. 



INFLUENCE OF CLIMATIC AND SOCIAL I 
ON MORTALITY. 



WK have in tlie List two chapters discussed tlio effect of varying 
age and sox-distriljiition on the general death-mte, and on 
the deuth-rstc at different ago-groupa. Before oonsidering tlic 
murlality front special diseases, the influence of climatic and social 
conditions, of density of poputation, and occupation, rctjuire 
attention, and to those the pi'ea'nl iind two auljeeqiient chapleis 
will be devoted. 

Ths inflneiice of climate can only U: separated with difficulty 
from that of other conditions of environment. To obtain Iniet 
worthy statistics under this head, it would be necesenry to eliminate 
the effect of variations in the uge-diatributiuu of the jiopnlations 
compared, of density of population, staple industries, and of 
differences in food and in other particulate. The Anny Beports 
for different foreign and home stations ore a most promising field 
of investigation in this connection, if the necessary precautions 
above indicated are taken. It is well in investigations concerning 
climate to consider separately its effect on strangers and on the 
indigenous inhabitants. 

Many imgiortAiit facts as to the coimectiou between climate and 
iliseaso can Iw statistically elucidated, as the varying amount of 
malaria, the endemic and epidemic prcvalencc of cliolora, the 
localized distribution of yellow fever and leprosy, the almost 
complete aljeenee of diphtheria from tropical regions,* and so on, 

Seiuon has an influence which can easily be stated in figures. 
It is customary ti] separate the death-mtes from all enuses and 
from different diseases according to the quarter of the year. 



' Sec EpuUmic DipMheria, l>y the Author, p. IBS. 
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Another i>laii, presenting some advantiiges, is to divide the numl)er 
of cases of, or deaths from, a diseiisc into those occurring in the 
winter — December to February, in tlie spring, March to May, in 
the summer, June to August, and in the autumn, Septemlxji' to 
Noveml)er. It is often useful also to state the numlxjr of cases 
or deatlis for each month of the year. When this is done the 
object, presumal)ly, is to give the relative incidence of the disease 
in each month, and for this purpose a correction is required for 
tlie varying lengths of tlie months. The following example is 
taken from Dr. Ablwtt's report (I'lrenttj-sixth Annual Report^ State 
Board of Health, Massachusetts). 

Mortality by Months, Massachusetts, 1893. 



TuUl Deaths ia 
Muiith. 



MuiiUiIy Deaths 

rcdnco«! to a 
SUudard uf 100. 



Deaths per day. 



. January 
February 

. Marcli . 
April 
May 

i June 

: July . 

I August . 

; September 

i October 
Noveinl)er 
December 



4161 


99-8 


3714 


98*6 


4375 


104-9 


4335 


107-4 


4321 


103-6 


3-250 


80 5 


4356 


104 5 


4934 . 


118-4 


4055 


100-5 


3679 


88-3 


3480 i 


86-3 


4424 1 


106-1 



134-2 
13-2-6 
141-1 
144-5 
139-4 
108-3 
1405 
159-2 
135 2 
11S7 
1160 
142-7 



49084 



100 



134-5 



The standanl month is assumed to contain 31 days. The 

average number of deatlis in 31 days= - .w.^ =4169. 

But in January 4161 deaths occurred in 31 days. 

r^. r ,,,.,. , 4161 X 100 , 

Therefore the deaths u\ this month were — - - = 99-8 

jKjr cent of the standanl. 

Similarly for February, first find what would liavc been the 

number of deaths had this month had 31 days in it. 

28 -^AA- 
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iL- deaths in the second month of 31 days wen 
■tll2x 100 
— T|-gq- - - — 98"6 per cent of the standard. 



i 



And no on for tlie other months. 

From 1886 to 1896 inpliisive, the death-rate in England has 
always been highest in the first quarter of the yeur, with the 
eicception of 1891, in which it was higher in the second quarter 
(2.3'7 as com|iared with 220), 1893, in which it was higher in 
the fourth quarter (19-9 as compared with 19'7), and 1896, in 
which the dentli-rate in both the firat and fourth quarters of the 
year w;is 17'9. The tliird quarter usually lina the lowcwt death- 




Svs&ounl Incidence of Deatlis frora all 



Lotidon (50 yean, 1841-90), 



r.LU\ In 1HH6-96 it was lowest in this quarter, excejit in 1S93, 
when it was lower in the second quarter (18-0 iia ci)m]Mired with 
19-2); ill 1895, when it was also lower in the second quarter (17"3 
as compared with 17-5); and in 1896, in which both the death- 
raten iu the second and third tjuartors watt 163. In the yoats 
1838-95 the English death-rate for the lirst quartLT avemgeil 
23-8, for the second 21 '0, for the thiwl I9-5, and for the fourth 
2rO jier 1000 per anmiro. The low mortality in the third 
quarter of the year would be still more marked but for the 
prevalence of Epidemic Diarrhtea. 

Mild winters and cool summers both lower the mortality, the 
former especially of the old, the latter of the young, and 
especially of the infantile population. A cold, wet summer is 
always accompanied by a low mortality. The effect of an ex- 
cessively cold winter and of a cool summer on the weekly 
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DDftl Incidence of De«th» from DUeasea of the Kespinitory OrfjanH and 
from Di«rrhcc« in London (60 years, 1841-BO). 

mortality in London at all agca, at ages over 60, and under oue 
year of age respectively, may be seen by plotting out the deaths 
under these three heads diagrammaticaUy. The figures for this 
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:nti l)c o1>titincd from the weekly returns of the Regislrar- 
If lliu poriod 1890-91 he Uiken, the retunia aliow the 
effeut of the intrusion of an additional taiise of mortality — iiitln- 
enza — April to Jiins. The diiigraiu may be commenced with the 
week ending November 8th, 1890, in order to illustrate the efTect 







Seasnnal Inaideiice ot Deaths from SiiinlI-|)ox (50 yeata, ISll-BO). 

on total ik'rttliK and deaths over BO ol the uxeuptioiially excessive 
cold which occurred between November 25tli and January 22nd. 
Iletween November 25th and Deoember Slat the average 
deficiency of the mean doily temjterature was 11°'4 Fahr., heing 
as much a« 2I°'4 below tlie average on November 38th, and 
2r-0')elow on Dfceiiilier 22nd. In the first 22 daj's nf Jnnuarj- 
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nf AdlilisBians of Sitiall-pox Patients to Meti'OjHiUtikn 
Hospitals {IS yeara, 1876-60). 
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ihe mean daily deficiency of terapcniture from tlie averuge i 
7°-9, Ihe RTiintttst dcflcieney V^iiig 18"-7 on the lOtL The eff 
of this protracted an>\ oxcnptiona] cold is neon in tlie curve 
total deaths, ami jiarticularly iii tliat of jtersons over 60, veiy ] 
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SeuBonal Iiicidcn 



I of Deatha from W hooping- poiigli in Londnn 
(GO years, 1841-»0), 



aliglitly in the curve cif deaths of infants. In A|ml ii n 

eaiise of excessive DiortoJity, viz., influenza, inlnidcd itself. The 

<»fflcia1 figures do not sufficiently show the true share of infliienai 

tlib excessive mortality, as deaths from bronuliitis and 
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SeasoDal Inoiilencc of Deaths from Measles in London (f>0 years, 1S41-B9}, 



.'ijmeumonia were also very excessive, and had r 
ill influenza. The rise in mortality in August was unttsui^y 
small in extent. It was almoHl entirely confined ti> infantile 
life, and was causetl by diarrhcea. The ex|ilanatiou of the small 
junount of diarrhasa in tliu summer of lt^91 lies in Uie fact Chat 
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tlie mean temperature was lielow the average from July 1st. to 
September 7th, on August 6lh as much as 9'-o below. 

Season has, it will be seen, an important inHuence on the 
character of prevalent iliaease-a, iuleatina! diseases lieing mOBt 
prevalent in summer, and respiratory diseases in winter. 




The following curves, taken from the Annual Summary of li 
Reijitirar-Qenei'a]., 1890, illustwte very clearly the seaaoiiii] iiiei- 
denee nf genoml mortality and of the mortality and prevalence 



"^W+Pi" 



TitTfifffliH 



W^^" 



\-,.. 



SeosoDsl locidpuce o[ Ailniissions of Scarlet Fever Ptttienta 
Fever HosjuWls (10 years, 1876-90). 
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^" Fi^ 9 and 10, relating U> "Dentlis from all Causes" and 
' " Deaths from Diseases of the Respiratory Orgaiia '' and from 
"Diarrhoea," show tlie actual average deathe eacli week. In 
llica« diagrams the thick hurizontul line rcpreBunts the weekly 
mortality from tlic disease tu which the diagram relates, the 
tifty-third week, when it occurs, being ignored. The curved liiie 
represents the amount per cent, by which the avera^ mortality 
in each week differs from this mean, above or below it. Tlie 
length of ei[]>erience taken as the basis is stated in each instance ; 
usually it is 50 years. Some allowance must he made for the 
facts that the curves are fonaed on the deaths registered in each 
week, regiatmtion usually oecurring a few days after death, and 
that the curves relate to deaths, the end of eacli fatal atteck, not 
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of Dctttha froLi Piphtlioi 
(30 years, 1801-SO). 
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^Vihe date of attack. Furthermore, the fatahty (ca 
^B of certftiu diseases varies acconliiig to season. For 
^p curves of weekly admissions of any of the ili^ 
treated on /ft large scale in public hospibils 
Allowance must be made in the curves of weekly admissior 
for the fact that, unless a long series of years is taken, the 
chftnce fluctuation caused by an unusually large epidemic occur- 
ring possibly at an unusual season disturbs the symmetry of tlie 
curve. The following remarks in the Atmaal Sumniari/ of the 
.Reyitlrar-CfeTieiiil, 1890, so clearly bring out the chief points of 
interest in the dilferent curves, that they are reproduced :— 

"It is of interest to compare the admission curves (Figs. 12, 

, 19) with the corresponding mortality curves (Figs. 11, 15, 18). 

^e should anticipate tliat, as tlie former relate to the commence- 
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also give 
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iiieiits of the attacks and the latter to their temiinationa when 
fntal, the tnnxinmtu and niinimuci poiiiLa iu Ihe foriimr woiilil 
precede tho maximum and minimum points in the latl«r; and 
to a certain extent, tliough not quite so decidedly as miglit be 
ed, this is the case. We should also ox]ioct tlitit the 
si-asonnl diffsrenoes in the admission curves ■would be nmre 
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c of Deaths from Enteric Fever i: 
(22 jt&ra, lSflD-9D), 



strongly tunrkcd than in the death curves ; for the deaths that 
occur among the attauke of a given week will not all occur in one 
other later week, but will occur gradually apd he spread over 
several successive weeks ; so that while tho number of Attacks 
in a given week will be represented by a single point, the deaths 
corresponding to those attacks will be represented by a more or 
less extended line, uniting successive points in several weeks, the 
number of which will depend upon the duration of tiie disease. 
The death curves, in short, should be flattened out in comparison 
with the admission curves, nnd the flattening should be greater 
the longer tlie usual duration of the disease. An examination 
of tlie curves shows that this anticipation is fulfilled. The three 
mortality curves are all more or less flntteiietl as comtwred with 
tho admission curves ; and the flattening is greatest in the enteric 
fever curve, the average iluration of this disease being the 
Kmgest, and is least in the scjirlet fever curve, in which disease 
tho average duration ia the shortest. 

"This comparison gives us a notion of the changes that we 
must make in the moi-tolity curves of the other diseases, in ordei 
to moke them more closely represent the cur^'cs of seasonal pie- 
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somewhat further back, bo 
mi! resfjectively at a somewhat 



valencr. We must pusli the ciirv 

to make maximtint and mininmm 

earlier date; and we must raise this maximum and lower thia 

itiinintuin tu no extent determined hy the nntnber nf weeks 

through which fatal nttauks of the disease with whose curvea 

we ore dealing may extend. 

"The curves tell their own story sufficiently diatinctly to make 
it iiiineressary to descrihe them severally in detail. They may, 







inal Incidence of AilmisaioiiB of Entariu Faver I'ltifi: 
Fever Ho»i>itaU (IB yeara, 1875-110). 



however, for convenience he classed in groupa, according as the 

ourve consiBta of a single or a douhle annual wave, and according 

to the prioda of tjie year in which the wave or ^vavoa reach their 

}iighest and lowest points. The curves for diarrhoea and for 

Miaeasefl of the respiratory organs (Fig. 10) are distinctly single 

nntveH, the former with its crest in the summer, the latter in the 

pVinter; and it is the combination of these two very marked 

seasoual curves that mainly determines the double wave outline 

of tlie curve (F'g- 9) "f mortality from all caused. The curves 

for scarlet fever (Figs. 15 and 16), diphtheria (Fig. 17), and 

enteric fever (Figs. 18 and 19), are also single wave ciin'es, 
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uloaoly resembling each uther, in tbut iu each of them the t 
rises to its urc-at in Octolier aud November, while the trou^ 
exteuds from February tu August. In strong contrast with this 
group are the cun'es of small-pox (Figs. 11 and 12), and of 
wliooping-cough (Fig. 13), which cover with their crests January 
to June, while their troughs extend over the rest of the ytinr. 
These curves, moreover, show some tendency to consist of two 
WUVC8, for in each thera is a slight but, nevertheless, distiiivt 
depression in the mouyis of February and March. Tliere remains 
the cun'e of measles (Fig. 14), which consists iinmistaknblj of 
two wiives, having tlieir crests respectively in June and in 
December, while they fall to their lowest levels in February and 
September. 

"The effect*! of amall-pox and whooping-cough upon the 
general seasonal mortality are practically elTaced by the almost 
exactly contrary effects of scarlet fever, diphtheria, and ctit«ric 
fever ; atid thus the general outline of the curve of mortality 
from all causes (Fig. -i©) is mainly determined, so far as the 
diseases now considered affect it, by a combination of the curves 
for diseases of the I'eapiratory organs, for diarrhcea, and, in a 
lesser degree, for measles." 

Oyclical Changea. The fact that certain diseases, especially 
those "f an infectious character, recur after an interval of years, 
shows that, apart from the influence of the season of year, there 
are ]>erioda of change which require for their completion a series 
of years. Mr. Netten Radetiffe has drawn attention to tlie fact 
tliat the law of periodicity of epidemic and pandemic diseases is 
not yet determined. Two factors appear to bo at work : (1) tlie 
influence of an accumulation of susceptible persons in tlie intervals 
Iwtween two epidemics of the same disease; and (2) certain 
extraneous conditions which appear to be operative in determining 
the [jeriulicity, but about which little is known. The first factor 
is exemiililicd by the fluctuations in the amouiit of small-pox in 
England, which have been observed to have a close relationship 
with tlie fluctuations in tlie number of unvaccinated children — a 
relationship so close that the ])eriods of recurrence of epidemic 
sniaU-pox could be pretty accurately forecasted. The second 
factor apiwars to l>e exemplified by the fact that, in 1871, when 
one of the periods of epidemic increase was due, some other 
undetermined condition gave to the epidemic of 1871—72 a severe 
character not observed iu smoll-poK since the general introduction 
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Mr. Rodclifie gives as other inataiices of a Himilar 
character the gteat epidemic of syphilis in the fifteuitb. i^entury ; 
llie exceptional development of fatal diarrlioaa in this century ; 
the great development of diphtheria within tlie last thirty yeai's ; 
anil the appearance within recent years of cerehro-spinal fever ; 
which ho regards as evidences of secular-pathological changes, to 
which a clue must be sought by studying their relation with 
secular meteorological and telluric changes. The solution of tlie 
prulilem why cholera is now endemic in India, then becomes 
epidemic, and finally pandemic at intervals, lielonga tu the same 
category. 

Since the above was written rheumatic fever (Miltoy 
Lectures, Lmieel, March, 1893) and diphtheria (Ejiu/emic Diph- 
thtaia : a Hfnearch om lite Oriijin awl Spreaif of /be Dimam/rom 
an International StaruipoiiU, Swan Sonnenschein & Co., 1898) 
have been made the subject of a very detailed international study 
by the author. The result, particularly in the case of diphtheria, 
has been, it is believed, to elucidate the conditions determining 
the cycles of prevalence of the disease ; and to prove that Imtli 
diphtheria and rheumatic fever occur in epidemics almost ex- 
clunively under meteorological and telluric conditions wliich are 
very remote from those supposed by most medical men to lie 
inly associated with these diseases. 



Effect of Race. The table on p. 16 shows the death-rate in 

dift'erent countries ; it ia obvious, however, that other causes of 
ditforence are at work in addition to race, and that correction is 
required for ditferences of age and aex-distribution, 

Mr. Hoffman's treatise on Jta^e Traits ami Tendencies of the 
Anieriean Nerp-o (lft96. Publications of the American Economic 
Association) contains valuable statistics as to the vital dilTerences 
between the white and coloured population in the States, based ill 
part on the census report of 1890. Thns the coml>ine<l experience 
of ten southern cities, 1890-94 (including Washington, Baltimore, 
and New Orleans) shows a death-rnte among the white of 30'1, 
among the coloured |(opulatiou of 32-6, notwitlistanding tlie fact 
that the ageKlistribution of the coloured ia shown by the census 
returns to be far more favourable to a low general death-rate than 
that of the white population. These rates are based on populations 
of over 5 and 2 milliona respectively. The following further 
death-rates may Ik quoted. 
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45 yc«ra Stic] over , 37-6 ... i2-3 I 33-9 ... 47-0 

The percentage of oxcesa of negro moTtaltty is highest for tlie 
period of life under 15. Mr. IlolTman brings forward ei-iiience 
to dhow that tliia ia due more to race degeneration than to the 
fact that tlie environment of the coloured is worse tlian that of 
the wliite [mpulation. In the Northern States the coloured ntce 
does not hold its own, the deaths outnumbering the births ; tlte 
apparent increase of the coloured population is due exclusively to 
migration. Mr. HofTman shows also that the mortality iu t)m 
coloured race is increasing, while that among whites is on tlie 
decline. 

Medical experience in the war between the Nortli and the 
South proved that the adult negro male was more subject to 
malarial disease than the white soldier, the mle of admissions to 
hospitals for malarial diseases being 522 \)er 1000 for the white 
troops, and 829 for the coloured troops ; while the average death- 
rote in the two classea was 3'36 and 10'03 per 1000 respectively. 

The excessive death-rate among negroes is caused chiefly by 
excessive infantile mortality, [ihthisis, pneumonia, scrofula, ami 
venereal diseases. 

In the year of the 1890 census, in American cities of 100,000 
population and upwards, the following death-rutes per 1000 of 
. eacli jxipulatiou occuiTed, the deaths being classified wrror-Umj to 
the Idrth-filare of llie mother : 



United Stfltti . . 20-87 

EuelHiid and Walas 1988 

Ma.uA . . 2d-74 

SontUnd . IS-IB 

Franco .... 19-00 

Oeraumy . lfl*87 



Scandinavia . 
Buhvniiit 
Italy . 
Ollmr rorei(!ii ci 



19-61 

1»-0t I 

27 '1» ^^ 



Part I- of the Unit&l Slafai JClemith (Jenm» Repoti for 1S91, 
"Vital Statistics," p. 38 pt -wij., containR u number «{ further 
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£fect of Uarital Condition. The table an p. G2 shuws at 
tlie Lime i-f tli« cpiisus lfi91 tliiit thu proportion of unnmmod in 
tlie Knglisli population diminiBliuil witli cituh succeitsivc age-period. 
" As regards the earlier age-periods, tliia ie readily iatelli(^bli:, 
becniiM martiage, as well as deatli, tliins the maks of the singte 
until inaniag»^e is past." The persistent wouding out of the 
Uichelors and spinsters, eveo iu advanced life, can, however, so 
far as can he seen, be only explained by aupijosing that their rate 
■jf mortality ts higher than tliat of married ijureona of similar 
ftgea. One would have anticiiiatt'd that the weeding out of those 
wbu remain single, because unfit for matrimony, would have 
become complete before, say, the age of 55 ; and the fact that this 
is not so, leutifi itself to the view that married life is more 
ourable to longevity ihaii celibacy. 

The same conclusion is favoured by the results of the United 
ittis census, 1890, which should be consulted for particulora. 

Effect of Sanitation, between 1851 and IH71 the towns of 
England increased from 5K0 to 938, their population fivm nine to 
ftiurtcpu millioiw ; but not withstanding the tendency of graiter 
density of population to lie associated with an increased doath-rate, 
the death-rate remained practically stationary. Since tliat time 
there bos been a remarkable reduction iu the death-rate, concerning 
which we cannot do better than quote the Re-jistrar-General's 
Beporf for 1881 (p. xv. el ee/j.). "There is nothing in the series 
of annual rejxirts issued by this office that comes out more dis- 
tinctly and unmistakably than the wonderful effect which the 
sanitary o|>erationa of the last decade liave liad in saving life. 
The Public Health Act came into operation in 1872. The average 
atinualdeabh-ratefor the immediately preceding ten years (1862-71) 
had been 33*6, and there were no indications whatsoever of any 
tendency of the rate to fall lower. Indeed, in 1871, the final year 
of this jieriod, the rate was exactly the average, viz., 22'6. The 
Act came into force, and at once the rate began to fall, and con- 
tinued to fall year by year with almost unbroken regularity, until 
in 1881 it was no more than 18-9. Once only in the ten years 
that had elapsed since the Act came into operation was the rate as 
high OS the average of the previous decade. That was in 1875, 
when the rate wa-s 22*7. In that year a second Pubhc Health Act, 
of more stringent character, came into opemtion ; and from that 
date down to 1881 the deatli-rate did not onue roach 23'0, and 
averaged no more tliau 20'5. 
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" Had the fnll in the dcath-rato 1>een limited to a single year, 
or to two yeaiB, or oven to three, it might liave been argued by 
sceptical persons that the imjirovemeiit was due to a micceesion 
of seasons favourable to health, nr to other causes unconnected 
with sanitary administration, and that t)io netting in of the fall 
coincidently with the coming into operation of public health 
measures was no more than casmd ; hut in face of a foil, lasting 
for ten years in succession, and increasing each year in amount, 
no one can seriously maintain such a position. Tliere can lie no 
real doubt that the saving effected in life was the direct product 
of the money and labour e.vpended in sanitary improvements. 
iJoubtlcas the money thus expended was enormous in amount ; 
and it ivill bo well, therefore, to consider what return it has 
brought in. If, then, the death-rate in 1881 had been oidy equal 
to the average death-rate in the decade preceding the Public 
Health Act of 1872, there would have died in the course of that 
one year 06,917 pereons who, as it was, survived. From tliis 
total, however, a deduction must be made of some 5000 for the 
following reason: — The birth-rate in 1881 and in each of the two 
immediately preceding years was considerably below the average 
annual birth-rat« in 1862-71. Consequently there was a smaller 
ttian avenge proportion of children in the first three years of life 
in the population of 1881. But the death-rate at thia earlyperiod 
of life is always ve^y high. Had the birth-rate in 1879, 1880, 
1881, been equal to the average birth-rate in 18G3-T1, there 
would have been so many more young children living in 1881 as 
to have increased the deaths in that year by a number close upon 
5000, Instead, therefore, of 96,917 lives saved, we have only 
about 92,000. 

" Now we shall probaUy \n: well within the mark if we aMiime 
that for every fatal case of illness there are from four to five 
more cases which end in recovery. Tliis is about the pro|K»rtion 
in enteric fever, which is a more fatal disease ttian the average 
of diseases. The result, therefore, on this assumption would bo 
that, speaking in round numbers, there were 500,000 fewer cases 
of illness, and 93,000 fewer deaths in England ami Wales in 
1881 than would hikve been the cose hud the population been 
living under the conditions that existed m 1862-71. It may, 
perhft]w, be objected, and not unreasonably, tliat the year 1881, 
with its exti'aordinarily tow death-rate, was so exceptiomd, that 
it can hardly be taken as a fair sample by which to measure 
the annual letui'n in life and health from the moneys spent iu 
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-.liiiuiry iiniiroveiuentB. Let ua, then, take the entire period of 
H;ii years that elapsed twtween the firal Public Hesiltli Act and 
ihe close of 188L Had the death-rate Tcniniiicil during that 
[leriod nt its mean level in the procediuy decade, the total deaths 
from 1872 to 1881 inclusively would Imve Wn 5,5-18,116, 
whereias tliey were actually no niore than 5,155,367, Tliue no 
lesffi than 392,749 persons who, under the old ivijime, would have 
died, were, as a matter of faut, still living at the close of 1881. 
(The mean hirth-mlea in the two decodes 1862-71 and 1872-81 
were almost exactly Die same, so that no correction need bo made 
iti tiijs cnse.) Add to these saved lives the avoidance of at least 
four times as many attacks of non-fatal illness, and we have the 
total jirofita as yet received from our sanitary expenditure. More- 
over, it is important to note that these profits were not equally 
sjiread over the ten years, but that there was u raanifest tendency 
to proRressive increaae tliroughout the period. This is what 
might be anticipated ; for the full elfeet of sanitary improvements 
requires time for development." The results just described, and 
their continuance and extension in more recent years, may be 
sDuuuarhted as follows : — 

^^P Tlic improvement thown iilwve would have been even more 
striking but fur the return of epidemic influenza, after an almost 
complete absence between 1858 and the end of 1889. Suice 
December, 1889, this disease has caused a very large number 
of deaths, nor can it be said at present to be within the scope of 
active preventive measures. The extent of the decline in the 
death-rate at diiferent ages and in the two sexes will ho discussed 
later (p. 315). 
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Borne allowance must be niude for the more favournlJt! i _ 
coiiMtitutitin of the ixijmktion in rocciit years, caused by Uie 
decline in the birth-rate from its bighadt point, 36-3, in 1H7G, t» 
39-7 in 1896. Comparii^ Uie inonn ])opulntiou8 for the decennta 
1871-80 and 1881-90, it is found that tho numbers of males and 
femiUea living l>etweeii tlif agee of 10 and 45 years were relatively 
greater in the lator than in tho earlier tlecennitun. Thus tlie 
ci-udo death-rate for 1871-80 was 21-27; that for 1881-90 was 
19'08. Corrected for uge-constitution, the former becomes 20-84, 
which should l>e oorepated with 19-08. (Hitjij^einent to Fifty-fifth 
lieporl of the liegistrar-General, part L p. viiL) It need hardly 
be said that a continuance of this declining birth-rate will 
eventually canse an u^-distribution of population unfavotirablc 
to fl low general death-rate. (See. p. 96.) 

The same lesson as to saving of life is taught by tho exporicoice 
of the so-called Healthy Districts. In 1859 FaiT publislied a 
Life-Tahle of the Sidy-three Hetdthieot Eru/lish Distrieln. These 
were the diatrictB which in 1841-50 had a crude death-rate below 
17-5 per 1000. In 1841-50, leas than 6 jier cent, of the totd 
iwpulation lived in districts which, " for the sake of convenience, 
were called healthy districts," and which had a crude death-rate 
below 17-5 iier 1000, In 1881-90, on the otlier hand, 26 per 
cent, of the population lived in districts with a crude death-rate 
below 17-0 per 1000, and i\ ]>or cent, in districts with a crude 
death-nite not exceeding 150 per 1000. When allowances were 
made for ditferences of age and Gex-constitution in the several 
districts, it was found that 263 dietrictB, with a mean aggregate 
popidation of 4,606,503 persons, or about one-sixth of the whole 
jHipTiliitioii, had death-ratca below 15 per 1000 in 1881-90. 
(Sttji/'leiiirnt lo Fifly-jiffh Report of the ih'jUlrar-OetierrU, jiart ii. 
]i. ciii.) T!iB new hcaltliy dSatrict life-tablu given by Ur, Tathani 
is thi|s Umed on the experience of oue-aixth of the population of 
the country. ^^^~ 
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DENSITY OF POPULATION AND MORTALITY. 



DR. FARR first called attention to the influence exerted by 
density of pojndation on niortality in tlie Fifth Rt'poit of 
the Ue{fidrar-General (1843), and since that time statistics l>ei\rin<^ 
on the question have regulai'ly api)cared in the Registmr-Gener.d's 
reiwrts. 

Method of Galcnlating Degree of Aggregation of Population. 

Two methods are commonly adopted. (1) The number of j>ersons 
living to each square mile of area is stated. (2) The average 
number of acres occupied by each j)erson in the population is 
stated. 

The following table gives an example of both these methods : — 

England and Wales — Density and Mortality. 



1851-00. 


1861-70. 


1871-80. 

21-4 
416 
1-53 


1881 -j»a. 

10-1 
470 
1-35 


Death-rate per 1000 . . 22*2 
Persons to a Square Mile . 325 
Acres to a Pcrsou (mean density) i 1*96 


22-5 
365 
1-74 



If Area - A, and population = P. 

r 

Then t- = D = mean ix)pulation on each unit of area, 
While p - the mean area to each jxirson. 

The unit of si>ace in the first method is taken to Ikj a mile ; in 
the second an acre. 

Apparent densities of population do not always correspond 
w^ith real densities, because the population in one of the towns 
to be compared may be lodged on only a portion of its area, the 
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remaining area lieing nuciiiiiEiI t>y a Uke, uommon, ]Kirk, etc- 
TfiP usual plan adopted is to include theae (thna diiuiniehing the 
apparent density of populution) if they arc within tlic lx>cders of 
tlie Siinitary district. 

Belation betveen Density ajid ICortKlity. Dr. Farr fuund 
lliat the mortality indreasea with the density of the popuIatioD, 
but not in direet projiortion to their densities, but as their 6tli 

root. 

Thus, if d and rf* = density of population in two places, ^^_ 
and m and »(' = mortality ^^^| 

and Hi' ; tn '.'. ^Jd' . i/d 

In bia report for 1843, Dr. Karr ^-ivew iis exiiinpios seven 
groujM of liifltricts the death -rate fif which, imlculateil froia 
their densities, approximated very eloselj to the observed death- 
rates. Thus— 
DeaUi-raia — 

Calculated; 18-H0—19'16 -20 87— 25-W2—28'08— 37-70— 38-74. 
Observed: 1876-m-18—2r88—24'90—23'08— 32-49— 38-62. 

Tlie formula was suhsequeutly modilieil by Dr. Farr {Siip/ile- 
ment to Thirty fifth Awiual. lieport, p. clviii,), 0-U998 being 
aubetituled for J in the atwve formula ; or, more exactly — 

Thus, in lH(U-70, in the 345 district;; which had a mortality 
of ld-2, the density was 18G [lereons to a square uiilo ; iji thy 
9 districts with a density of 4499, what was llie mortality 1 
It was happily not expressed by the proimrtimi of the twn 
densities; i.e., 186 : 4499 :: 19-2 : x; but by this proportion 



{186)<i'>2 : (4499)0'^ 



: 19-2 : jr = 28-l. 



»'.'?., approximately as the 8th root of the density of tlie respective 
populations. 

This formula only gives slightly different i-esults from the 
preceding one. So closely was the ratio found to bo followed 
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ill places whase sewage and water sujiply and other sanitary 
ronditions were fikirly the siime, uiiJ which iipparently ilUlercd 
only in density of ]>opuIaticm, that Dr. Fair went so fur aa to 
propose that in nny sanitary inquiry the influence of density 
should fim be discovered hy means of the above formula, and 
that the effect of other inftuencea above or below this should then 
be investigated. As lie remarked, "tlie formula thus eliminutos 
the element of density from the aiialyBia of 1 
tnaaluhrity." 

If a constant relationship equated between the death-mtc nnd 
denaily of [jopulation, an increased mortality might lie ex|)ectcd 
with the course of events shown in the following table ;— 
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Wales: Dkssity op Population. 


Dale of Cmuob. 


Pusoiu per 


^'■'Z^" 


li, r«ni.. 


1801 . 


153 


4-20 


■ 53 


1811 . 






171 


3-67 


143 


1821 . 






'206 


3-11 


132 
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But the table on p. 151 shows that the death-rate has steadily 
ined with increasing density of population. It is evident, 
refore, that either the relationship between density of populu- 
ion and mortality b accidental rather than essential, or that 
mportant countervailing influences are at work. 

Urban and Bnral Mortalitr- There still remains a higher 
death-rate in urban than in rural districts, though the ditTerence 
between the two is becoming gradually less. Between 1851-60 
and 1896 the uriiau dcath-ntte has declined 27 per cent, ffrom 
22'2 to 17-1 iwr 1000), and the rural death-mto 23 per cent, (from 
"*" t to I5'3 per 1000). Tliis does not, however, represent the 
facts, as only crude death-rates have been used iu the 
mpariaon. In the Sujijileiiisnt io the Fifty-Jifth Sejiort of the 
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Rfjistrar-Oetieral, ]i. xlvii., is given a vnlunble table, reproduced 
below, in which groups of 'listricts arc clnseilied nJX»>rdiiig' to 
density uf population, iLiid iLucordiiig to deuth-ratcs corrected for 
variatiuns in age-conatitutiou. 

In the following table the above facts are given iji the iit«t 
three cohinins, iind iu tho fourth column are given dcatb-rates, 
which 1 havo calculated on tlic ussuniption that Farr's law holds 
good:— 
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18 '50 
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21-62 
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ie-6a 


20-43 


22-66 


2437 


20'13 


21-47 


23-43 


9200 


20-00 


22-60 


:i4-33 


Ei32g 


21-00 


23-41 


26-84 


4296 


22 -71 


24-51 


26 -15 


5722 


24-47 


26-22 


26-07 


10584 


30-70 


33-00 


30-40 



The above table deals with 633 districts, hitving a. ]KipulBtian of 
27,4K8,4S2, with a mean death-rate of 19-08, and a density of 
471 i)ersoiiH to a stjuarc mile. The method of obtaining the 
calcutat«d doath-mtes in column 4 can be eccti from an example : 
the death-nito for all the districte being 19-OIS, and their mean 
density 471 pereons per square mile, what will Ikj the death-rate 
when tlie density iti 19,584 persons per square mild 
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It will be seen tLuL crude deatli-ratfs overstnU: tlic murtalily of 
heiUthy distriota, uiid midemtate thnt of iinheultliy diatricla. The 
deuth-rate calctdated from the density of population and the 
leverage dcath-ralo of all t]ie dietriuts by Fiirr'it formula, (fives 
tiM) high a' death-rate in all Ihe districts except thoae presenting 
the maximum density. It is chiefly nftcr the density lifia renchetl 
a certain degree of inteimity that it begins to exert an appreciable 
edcct. As Dr. Ogle says: "This might have been anticipated. 
For though in crowded coniinuniticH it nitiy be a matter of vital 
iiniwrtaiice whether there are 500, or 1000, or 2000, or moti; 
pereoDA living on a squiiro mile, yet it can scarcely make any 
ilifferenee,- so far as betilth goes, whether in niral districte there be 
two acres or three ncros on an average to each inhabitant. The 
differences in the death-rates in these spnrse pipulatioiis are 
detemiineil by other conditions than nggregntinn." 

C&nses of High Uortalitr vith Increased Densitr. The 
liigber death-rates, which lire usuiilly associated with incrcH.<icd 
density of ]j(ipulation, are not the direct resulta of the latter. The 
crowding of persons together doubtless leads to the rial>s of 
fouling of air and water and soil, and to the increosetl propagation 
of infcctiou!! ili^easee, and thus directly alfects the mortality, 
lint more iiii|iiirtimt than these are the indirect consequences of 
dense nsgregatiun of population, such as increase of iioverty, filth, 
crime, drunkenness, and other vices, and perhaps more than nil, 
the less hcidthy character of urban industries. (See p. 181.) 

(1) Of the direct influences connected with close aggregation 
of population, ^Ith fondilimt* of air and water and soil are the 
most important. If the source of water supply is pure and the 
drainage is good, ilensely populated towns may bo, and are, 
commonly lietter olT in these matters than rural ilistricts. liul 
atmospheric impurities, es]tecinlly in the form of decomposing 
organic matter, are dnubtleas more rife in town than in country ; 
and Dr. Fair rightly lays special stress on these. Even in towns, 
the amount of such impurities varies greatly in houses of dilFerent 
sizes, and aiieh difl'erences throw a flootl of light on the facta 
given on p. 162 regarding the higher mortality in one and two- 
roonied liouses. The following table, given in a jiaper which 
appeared in the Philosophical Transactions for 1887, by Professor 
Camelty and Bra. Haldane and Anderson, us the result of 
elaborate observations mnde nt Dundee, shows very strikingly 
the dilferencea in houses of varying t,w\ Taking the average 
amount (in excess of outside air) of carl>onic aci<l, organic matter. 
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and micro-organisDis respectively in llie atmosphere of hoiisefl of 
four or more rooms iis unity, then in one and two-roomed houses 

the relative umoiiiit Wits us follows ; — 
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Tvm-rooni 
Hddh*. 


OnMwm 


Cubic apace per iwreoi] , 
CirboiiiL. A(.id 
Orgiuic Matter . 

Boctrria . . 
Moulds 




0-18 
5-6 


0-11 

2-0 
4-4 

6-7 
«-9 
3-0 



(2) The more rapid spread of in/er/ious i/weaset is shown by 
the liighcr mortality from the cliief infectious diseases in large 
towns, their more rapid spread lieing partly due to the wore 
frequent opportunities of j>ersonal contact, and partly, also, to 
the fact that a fouled state of the utmosphcre und soil facilitates 
the propagation of infection. 

(3) Other diseases, a^ jAthitis, arc more common in urban than 
in rural districta. The close connection between plitliisis and u 
foul atmosphere ia well estahliahed. Dr. Andereon's researches 
in Dundee, and Dr. Russell's in Glasgow, Inlli show that the 
mortality from phthisis in these towns is highest among the 
inmates of three-room houses. The former suggests that tlie high 
infantile mortality from other forms of tubercular disease tetiimed 
as nervous diseases, atrophy, wasting, etc., prevents the growth of 
young adults (who are most prone to tubercle of the lungs) in the 
houses with leas thau two rooina. It may be, also, that in the 
one and two-roomed tenements, the children leave home earlier 
thau the children hving in larger houses. 

(4) Poverty of the inhabitants of densely populated districts, 
implying as it does inadequate food and deficient clothing and 
shelter, has a gi-eat effect in swelling their mortality. Dr. 
Drysdale quoted, in a paper read at the meeting of the British 
Medical Association in 1887, the lower mean age at death of the 
industrial classes as evidence that indigence causes a high morbility. 
The fallacy of this test is exposed on p. 294. A similar objection 
applies to Dr. Drysilale's argument, baaed on the statement that 
among the rich in Fnineo, G5 out of every 1000 deaths are due to 
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Mpoet 



tiilierciilar diaeasp.'!, ami 250 j>er 1000 tleaths among the ]>oor. 
Till) recti queetioii la, Wliftt are tlip ivlutivH tleatlia frura tuberculur 
iliseaae^ umong equal tiumbers living at con'OBpoiitliiig age- 
groupel 

(5) Other evU aoeial rotulitvms (inmnioiily acconipmiy poverty. 
CiLii^ are i.'onimonly the hotbeds of vice and misery, of crime and 
drunkenness, as well as of filth and want. The Select Committee 
on lutemjieTance (4th Report, 1878) say: "On the whole, in the 
towns where the drtmlicnness is greatest, the population is moat 
dense." Tile density of po])ulution and the dnmkenneas each nf 
llieni probably stands in the place of l»oth canae and effeet. 

AeriiienU are more common and more fatal in cities thiui in tlie 
country. The evil influences of lierfiity should also l>e mentioned, 
physical degeneration occurring among those who, generation aft*r 
generation, are exposed to an wnwholesome environment. 

(6) The influence of ocntjjaiion and of homes involving ex- 
posnro to iMiiaonoua oflhivia and other poisonous ngeucies, will lie 

isidered in the next t'bajitcr. 

The Tma Test of Density of Population, In a pi^ier on 
The Vital Statistics of Pcabotly Uuildinga" (Royal Statistical 
Society, Feliruary, 1891), I showed the inajtpliwibility of Farr's 
furmuta to such buildings in which the maximum density of 
pupulation uccuTE, but which are under generally favourable con- 
ditions of life, notwithstanding this fact. Thus during the yuar 
1889 the number of persons to an acre in Ixindon was 58, in the 
i'eabody lluildings 751. What ought to he the death-rate in the 
i'eah.j.ly ISuildiiigw, that of I.ondon being 17-4 ]»r 10001 



Consequently w' = 24-21. 



W^ But the actual death-rate of the Fcabody Buildings was IG'49 

^^ar 1000. Henco the actual death-nite was 7-72, or 31 per cent., 

lower tlion the death-rate, calculated on the asaumptiou that 

mortality varies with density of popidation according to the above 

tinally lumlitied fornmla of Farr. 

I further pointed out that an essential element in testing the 
true density of population is a ulatetuent of Ihe numiier of jiermmg 
fMng in earh oeatpi»{ room. (See also p. 135.) It is probable that 
this test, combined with a determination of tlie population on a 
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given area, would give tlie most trust wo i-tliy estimate of density. 
The two together would detemiiiiB the prohabilitioa of the iuci- 
(lence of the diseases connected witli ovorcrowdiiig, and of the 
rapid apreail of infectious diseases. 

The census returns give infonnatiou as to the number of houses 
in each district; and in the IttOl census for the first tinio infor- 
mation was required as to all tenements with less than five rooma. 
The definition of " house " in the eeusua instructiona was nil ffie 
qiaee irithin the external ari'l party imlln of a huUilivj, liowever 
ninny families living in separate toncmente or apartments might 
liti comprised within it. A " tenement " was defined as any home 
or jKirt of a home ee/mralel]/ nrfupied either tiij the otcner or liy a 
ieritmt. No definition of "room" was given, and it is possible, 
therefore, that in small tenements ottot might arise by the 
inclusion of lobbies, closets, etc. The information obtained must, 
therefore, be regarded as only furnishing rough indications. 

At the census of 1891 there were in England and Wales 
5,451,497 inhal>iteil houses, and an average number of 5*33 
persons to each inhabited house, against 5'38 in 1881, and 5'33 
in 1871. The population varies greatly in different parts of the 
country, and there cannot lie considered to he any direct rela- 
tionship Itetween the average niunber of persons per house and 
overcrowding, as the size of houses and the proportion of tenement 
dwellings varies greatly in different commimilieB, The proportion 
of [lersona jier house does not, however, appear to vary greatly in 
individual towns, as shown by the following examples. 

PoPULATioK 1-BR Inhabited Hodsb. 



BimiingliFiT 
B™(irur.i . 
BriKlitou . 
Hiiil 
LeEoester . 



Loniloii . 

HnnehcatBr 
Norwich . 
Portamonth 
Siiiiilerlainl 



i 



A tenement may, in the terms of the preceding definition, 
coincide with an entire house ; thus in England and Wales, iu 
1891, there were 1-12 tenements, or distinct occupancies, t<j each 
inhabited house. 

The following tabk', summartwHi from a table on p. 4, vol. iv. 
of the Census Kegiort, 1K9I, givea the main facts as to tenements 
at the time of the last cenauti : 
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It thus appears thnt 54*9 per cent., or more tlian half, of the 
ipulation lived in tenements of more than four ruomB; that 
!nily 2'3 per Cfint. lived in single-roomed tenements, 8 3 per cenL 
in two-roomed tenements, and bo on. Column 2 shows that the 
fewer the rooms in a tenement the larger tlie proportion of occu- 
pante per room. In the census report it is proiwsed to take as a 
stanilanl of overcroicding, tenements which have more than two 
occupants per room. This would exclude all single-roomed tene- 
mente with not more than two inhabitants, all two-roomed 
tenements with not more than four inhabitants, and so on. 
When this is done, it will be seen that 11.23 per cent, of the 
total population occupy overcrowded tenements, the greatest pro- 
portion of these being in two-roomed tenements. 

The preceding facta can lie studied in detail for cnch sanitary 
district in England ami Wales in vol. ii. of the Ceimuif Itefiort 
(Table 6 in each divisional part). 

OVERCHOWDINO IN RURAL AND URBAN DiaTHICTB. 
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O^r^owding. 


THMmenUwItb 


h Dl*u ^ PeroenlaKO of total FopolnliQU living In 


iKMin . 
2 rooms . 
S „ . 
4 „ . . 
Gormorerooma 


Ortan 
Dfitriots. 


dS™U. "''*" Dlitricta. 


Riu.1 Di-trieta, 


2-89 
0-38 
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22-42 
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44 1-61 
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28-26 2-82 
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0'2G 
2'4S 
2-83 
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As might IkBve been anticipntod, in view of the higher rentals 
in towua, the preceding tahle shows a higher proportiaa of oue 
Olid two-roomed teuemeota and of overcrowding, as defined 
ahovo, in urban diatricte. When studied in detail, the difiet«ncea 
lietwcen great towns in respect of proportion of population living 
in an overcrowded condition are very striking. (See ji. 23, vol. iv., 
CVfuma Report.) 

EffectB of Hlghet Degrees of Density on Hortality. Dr. J. 
B. Riissell, in nn aildresa to the Olusgow Philosophical Society 
(November, 1888), brought out very strikingly the connection 
between size of the average house and the general death-rate. 
Aberdeen, which has 13-6 per cent, of its population living in one 
room, had the lowest death-rate of eight great Scotch towns, the 
death-rate rising pari pcussu with the diminution in size of the 
average house, untQ wa come to Glasgow with 24'7 per cent, of 
its population living in one room, and the highest death-rate. In 
comparing the twenty-four districts into which Glasgow is divided, 
the same general relation was demonstrated. The population of 
Glasgow in 1885 was 543,295, the nnmber of deaths 13,439. 
The distribution of population and deaths in the inhabited houses 
according to their size was as follows ; — 
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Whole city . . . 
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8-2 


G43,2eG 


13,436 


100-0 
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It will lie seen that in both one and two-room houses the 
deaths were 2-3 per cent, nljove the duo proportion, while in the 
houses above this size they were all below the duo proportion 
in varying degree. The difference between the distribution of 
population sqd deaths may Ixt seen at a glance ftotn Dr. Eussell'a 
diagram. 
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FopiilalioT]. D.i.tiii, 

The one and two-room houaaa mentioned above are commonly 
t* made-down houses," i.e., parte of honsca of larger size, which 
are now let separately. In some cases single rooms are divided 
by wood partitions, and let to two separate fniuilies. 

If the •leath-rates in these varioua classes of the population be 
comparetl, the deaths in institutions an<l the unallocated deaths 
being placed, as in the diagram, along with the deaths contributed 
by one and two-room houses — it will be found that among tlioso 
living in one and two-room houses, the death-rate is 27-74 per 
1000; among those living in houses of three and four rooms, 
19-45; and among those living in houses of five rooms and 
upwards, only 11 -aS. 

Kext as to the iMtdence of certain dames of Oiaease upon these 
sections of the population. Dr. Rusaell selected zymotic diseases ; 
diseases of the lungs, including consumption ; diseases special to 
children under five years of age (as convulsions and other diseases 
of the nervous system, atrophy or wasting, and premature birth) ; 
deaths of children from accident and syphilitic disease, "a BmuJI 
class, hut one pregnant with meaning." In the following table 
the rotes per 1(K),000 inhabitants from each of these are sliown : — 





■S" 


Three and 
FoDT-Rcntn 
Iloutc. 


FlveRooiiu 
■nd npwatils. 


Zymotic Disciaos . . . . 

Acute Diseases of the Longs (includ- 
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Tlie same results ore exliibiteil in tho following diagram, 
in whif.li, tiifi three columns l>eing drawn on the same scale, 
the comparative genoral death-rate in the three grades of houses, 
as well 08 the comparative prevalence of these olaases of disease, 
con \>e seen hy the height of the columns and their different 
positions. 

It will bo observed that in the preceiling example no correction 
is made for varying age-constitution of tho jiopulation in eaoli 
dasH of dwellings. An allowance of uncertain amount mast be 
made for this factor. 

It would be a mistake to suppose that the ratio between 
density und mortality represents an inexorable law incapable of 
mitigation. That tiiis is not so, ia shown by tho following 




(1) Zymotio Diseases. (2) Nervoua and otlier Diseosea special to Children. 

(3) Accidcnta and Sypliilis in Cliildrctl. (4) Diseases of the Lungs. 

(G) UisoellaneouB. 
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mple, derivwl from the im[>er by the author alivaJy quoted 
'(pp. 135 and 159). 

Feabod? Block Dwellings. These dwellings in December, 
1890, liiid an enumer.ited population of 30,374. These occupied 
5071 tenomonts containing 11,275 rooms. THb average number 
of persons [ler tenement was 4"03, the average number |)er room 
was I'Sl. These were occupied by families, the average woefcly 
earnings of which were less than 248, The i^je-distribution of 
the popidation of these buildings was such that tlie factor of 
correction was 1'0391 as compared with 1*0615 for London as a 
wliole. The general results of my investigation into the vital 
statistics of the Peabody Buildings were summariKed as follows; — 

(1) The death-rate of the Peal)ody Buildings averaged about 
2 per 1000 lower than that of Loadou during the twelve years 
ending with 1885. During the four subaeqnent years the death- 
rate of the Peabody Buildings remaiued about stationary, while 
that of London has shown a further decline ; thus making the 
metropolitan death-rate approximate more closely that of the 
Peabody Buildings. 

(2) The death-rate at different groups of ages was lower in the 
Peabody Buildings than for tlie whole of London with the excep- 
tion of tlie ages 0-5 and 15-25. 

(3) The infantile moi-tality was much lower in the Peabody 
Buildings than for all London. During the nine years 1882-90 
it avenged in London 151*9, in the Peabody Buildings 139-2 
per 1000 births. 

(4) The death-rate from diarrhosa was sliglitly lower than, and 
from enteric fever only half that of the whole metropolis. 

(5) On the other band, the diseases more immediately due to 
direct infection (scarlet fever, diphtlieria, and stiil more whooping- 
cough and measles) were more fatal, and therefore probably more 
prevalent. The two last-named diseases are not admitted into 
the hospitals of the Metropolitan Asylums Board. 

(6) Tlie death-rate from phtliisis and other tuljercular diseases 
ia slightly higher in the Peabody Buildings ttian for all London. 

(7) Farr'a formula as to the increased mortality with increased 
denai^ of population has no application to tlio Peabody Buildings. 

(8) The true density that should be considereil is the number 
of persons to each room, not the number of poisons on a given 
acre. (See also pp. 135 and 169). 
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Back-to-Back Houses are etUI common in eeveraJ towns in the 
North of England, and on general grounds it migbt be e!cpect«d 
that the deficient Light aiid ventilation, and the imperfect sauitaij 
arrangements necessarily associated with this style of dwelling, 
must have an appreciable effect on the health and vitality of their 
inhabitants. IJiscrepant statistics have, however, been published. 
and they are given here as illustrating the difficulty of avoiding 
errors and fallacies. 

Mr. Gordon Smith and Dr. Barry, in their report to the Local 
Government Board on back-to-back houses, gave the following 
death-rates from figures furnished by Dr. Tathani. 

The Greeugatee and Regent Kood registration sub-districts of 
Salford were each divided into three groitpa, as shown in the 
following table, which will enable the relative mortality of each 
from various special causes to be seen at a glance : — 
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27 '5 
29 '2 
SOB 
261 
29-1 
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7-fl 
C'7 
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2-8 
3-3 

3-S 
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2'7 
46 


4-6 

4-8 

4-9 
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1-42 
1-56 
212 

1-54 

1-85 
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It will be seen that the mortality from all causes, from pul- 
monary diseases, from phthisis, and from the seven cliief zymotic 
diseases taken together, as well as from diarrh<Ba alone, increase 
yoHpaem with the proportion of bock-to-back houses. 
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The difficulty here, ue in nil siniiJnr inquiries, conaiste in ensuring 
that tlie populations thus contrasted have a eiuiilar ago and sex- 
constitution, and that apart foom tlii: character of the houses the 
other conditions of life are equal in the contrasted groups, 

Dr. J. H. Bell {PuMif Hetdth, vol. iv. p. H3, 1892) advances 
the opinion that back-to-back houses aro not essentially insanitary, 
and gives a table, of wluch the following is a, summary : — 

Su. 1. So. %. No. 3. 

Total No. of liouapB ... SBS 767 703 

ToUl No. of peraous . aS08 3428 3G8S 
AvuraRD Na a! square yards to cocli 



\ 



Weekly rental, inckdiug ratca . 4/8 t« 9/6 4/6 to 5/6 B/- I 

Mean anDoal death-rate |wr 1000 for 

1886-80 (No. 2, lesa-BO only) . 15'8 16'B i; 



The mean annual death-rate of the entire borough of Bradford, 
in which tlie above dwellings were situate, was 31-3 per 1000 in 
1886-90. 

"So. 1 consisted of continuous bock'to-back houses. 

Wo. 2 of back-to-hack houses in blocks of four. 
I TSo. 3 of through houses. 

I The defects of the above statistics were clearly pointed out by 
l>r. Arnold Evans, the Medical Officer of Health of Bradford. 
(Pulilie Heallh, vol. iv. p. 145.) Thus no jjarticuliir diseases are 
enumerated, only total death-rates. Further, Dr. Bell "bad 
picked out a few streets here and there containing through houses, 
and compared their death-rates with those of whole groups of back- 
to-lmck hoUBea." Again, many of the through houses selected 
were old and defective, and situate in narrower streets and at a 
lower level than the back-tO'back bouses, and so on. 

The statistics least open to objection on this subject are those 
compiled by Dr. Herbert Jones {PuUic Health, vol. v. p. 347, 
1S93), in which back-to-hack houses in Shipley are contrasted 
ivith bouses similar in other respects, except in being through- 
houses, in the neighlwuring compact viUnga of Saltaire. The 
soil, watc^supply, aspect, sanitary arrangements, and the building 
material of the houses in the two groups are identical. The 
statistics are taken for the six years 1887-92. The density of 
the population and the ages of the houses were approximately 
equal in the two groups ; so also was the relative amount of 
pauperism. 
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For the aii; yean 1887-62. 



The tnlilu sliiiws excess of zymotic diseases, ami still more of 
jilitliisis mill of ru.s|)initory Jisciisea in the luck-to Ixick liouscs. 
Tlio Imtk-to-liiick Iiousi'b were divided into three sections : A, witli 
streets twenty-tive yiinls wide ; Jl, with streets ten ynnls wide ; 
nnd U, viitlt streets iifteen yiirds wide, with the eoiuiMirative 
ivMiilts nhowii in the iibove table. 



CIIArTEU XVII. 
OCCUPATION AND MORTALITY. 



IN vol. iv. p. 35 et m/. of the Ceuaus Keport, 1801, the un- 
satisfactory cliaractor of the cenaua data aa to occupations of 
tbc iwpulalion ia ]H>inted out. The instruotiona contained in 
each " iluuscholiler'a Schedule " stated tlmt persons '' should state 
distinctly, not only the general name of the industry in which 
tliey are employed, but the particular branch of the industry in 
wliich they are engaged, and also the material in which they 
work, if it be not implied in the name, and if such name 1x) 
common to several industries," and special illustrative esaraples 
were given. But these instructions were largely disregarded, 
the words "spinner" and "miner," for instance, being given 
without mention of the material in which the stated work was 
done. It is evident, aa pointed out in the Census Keport, that 
schedules tilled up by the householder do not supply data whicli 
tire suitable for minute classiUcation, or admit of pTOti table 
examination in detaiL "The most that it is reasonitble to expect 
from data so collected, is that they sliall give the means of draw- 
ing such a picture of the occupational distribution of the people 
aa shall be fairly true in its main lines, though little value can be 
attached to the detailed features." 

Fresh headings were introduced into the schedules for the 1891 
census, to meet the criticisms that in former enumerations distribu- 
tion had not been kept separate from production, and that masters 
liad not been distinguished from their workmen. It is pointed 
out, however, on the firet head, thot the distinction between 
makers and dealers is not so well marked in actual life as in 
economical science ; a Mker or a shoemaker, for instance, may be 
a person who makes bread or shoes, or a person who merely sella 
these. To meet the second objection three new columns were 
introduced, headed respectively "employer," "employed," and 
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"neither employer nor employed," but tlie returns made under 
these threo heads were " exceaaively untrustworthy." 

Classiflcation of OccapatioBB. At the 1891 census, occupa- 
lioKH in conilii nation with ages wore alwlracted under 349 headings, 
and then arranged in suh-urdeis, orders, and classes. Six larger 
groups or classes were made, viz. : — 
Professional, 



DoraoBtic, 
Commercial, 
Agricultural, 
Industrial, and 
Unoccupied. 



# 



The lines of demarcation between those are not very definite, 
though the classification ia useful Rules were laid down for the 
guidance of the clerks engaged in tabulating the occujiations. 
As it is desirable that a similar method should be adopted by 
medical officers of health in arranging the occupational deatli 
statistics of their own districts, these rules are given here : — 

" Apl)renticea, journeymen, aaaistants, and labonrera were l*i be 
classed uuder the occuiialion to which they were apprenticed, or in 
which they ansisted or worked, but niesaengers, errand Uoj-b, porters, 
and watchmen (excepting mihvay or government), were not to be so 
classed, but to go to a special heading provided for ihcni, namely, 
Measenger, Porter, Watchmen (not Railway or Government). 

" Clerks were not classed under the buainess in which they worked, 
but under Commercial Clerks. To this, however, lunk clerks, in- 
surance clerks, and railway clerks formed exceptionn, going respectively 
to Bank Officiab and Clerks, Insurance Service, and RaUwny OIGciafs 
and Clerks. 

" Persons stated to liave retired from business were not classed nnder 
their former occupations, but under a special heading 'Retired from 
business.' To this rule, however, officers m the Army or Navy, clergy- 
men, and medical men were exceptions. 

" Patients in lunatic asylums and ininatea of workhouses over 60 
years of age were not classed by their previous occupntions. But 
paupers under 60, patients in general hospitals, and prisoners were 
classed by their occupations aa being possibly only temporarily de- 
barred from them, and the same rule was applied to persons stated to 
be ' out of employ ' from any stated handicraft. 

" When a person was returned with several occupations, the nilea 
laid down for selection of the one under which he was to be classed 
were, firstly, that a mechanical handicraft or constructive occupation 
shonld invariably be preferred to a sbopkeepiug occupation ; secondly, 
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tliat, if one of tliu diverse occupations seemed oF more importance 
tliau the others, it should be selected ; and thirdly, that in default of 
such apparent dttFerence, the occupation iirst mentioned should he 
taken, on the croiuid that a person would he likely to mention hia 
main Lusinesa first." 

The total number of males, 10 years of ftge or over, returned 
as engaged in some delinite occupation, was 8,883,264, or 88-9 per 
cent, of all the onuinerated males of those ages ; while tho total 
immber of femalea similarly returned was 4,016,230, or only 35 
per cent of all persons of that sex over 10 years of age. It is 
obvious, Iiowever, that this excludes tho most important of female 
occupations, the management of domestic life and the rearing of 
children. 

Hethoda of Comp&rison between OccupatiouB. (1) The mean 

ages at death of those engaged in different occupations are con- 
trasted, Thia often, however, gives erroneous indications. The 
mean age at death is guvemed by the mean age of the living, and 
it is B8 much affected by the ages at which jwople enter and leave 
any given occupation, and by the increase or decrease of employ- 
ment, as by its relative salubrity or insalubrity. In a largo printing 
firm known to the writer, ail the older empJoycs have been replaced 
by youths from fifteen to twenty-five years of age at lower wages. 
Such a proceeding will obviously lower the mean age at deiith, but 
will by no means demonstrate that this particular printing establish- 
ment is carried on under less healthy conditions than formerly. 

(2) The proportion between the number engaged in and the 
number dying in any given occupation, expresBed as a rate per 
1000, is also fallacious. As we have already seen, p. 103, the 
death-rate iu the general population varies greatly at dilTerent 
groups of ages. The death-rate among those engaged in any one 
trade or profession would similarly vary according to the relative 
number at the different ages en^ged in it. In other words, it 
would depend on the ages of the living, which would vary in 
every occupation, (a) according as persons enter it early or late in 
life, and (ft) accotiUng as the numbers that annually enter it 
increase or decrease. Dr. Farr, in his Fourteenth Kejiort, gives 
the following example of the mistakes which would follow the 
adoption of this method. The death-rate of all farmers over 20 
years of age was 28 per 1000, of all tailore 20 per 1000; but 
when tested by a comparison of the death-rate among men of 
corresponding ages, fanoers were much healthier than tailors, ae 

a in the following table : — 
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Dbath-batb pbe 1000 at six Age 


BltOCPS 


OP Fabkbrs ahd Tailohs. 


Ago. S8- 


s>- 


4»- 


.^ 


(>»• 


T6- 


Farmers . . 1 lO'lB 
Tulorg . .| 11-63 


S-64 
1415 


ll.OS 
16-74 


24-80 
28-18 


65.30 

76 17 


14a-S2 

165 2a 



(3) The only tniBtwortliy method is to compare the mortftlity of 
tliosB engaged in one occupation, and of a given ago, with the 
niDi'tolity of thoso engaged in another occupation, and of a coire- 



StatilstlcB of Occupational Uortalitr. The auccessive de- 
cennial eupploments iasued from the General Begister Office 
have embodied most valuable information on this subject, and 
the last one, prepared by Dr. Tatham, is the moat complete and 
detailed of the series. The figures and facts given in the 
remainder of this chapter are derived almost exclusively from 
this report. 

The three aiicceasive decennial auppleraenta of Doctore Fair, 
Ogle, and Tatham, bU adopt the period of life between 25 and 65 
years of age as being that in which tlie influence of occupation is 
most felt. It is to he remembered, however, that the working 
{jcriod both begins and ends at an earlier date in life in the 
industrial occupations than in the learned professions. 

We have on p. 171 given an illustration showing the fallacy 
involved in comparing the death-rate of all farmers over 20 
with that of all tailors over 20, The following further example 
IB taken from Dr. Tatham's Report (p. vtiL) At all ages over 
15, the mortality of all males in 1890-92 was 18-74 per 1000, 
and that of farmers 19-58. But when the numbers Uving and 
dying at each group of ages are compared, the following result 
is obtained : — 
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The parados of a liigh general ileath<ratc among farmers aloug 
with a lower denth-tute nt euch agt'-grouii bs explained by tlie 
facto that, while there are nearly tJiree-fourtha as many farmers 
above 65 years of age (with a mortality of 87'8 per 1000) as 
there are at ages between 25 and 35 (with a mortality of 4*3 
ptr 1000): among all males the number over 65 (with a death- 
rate of 103'6 per 1000) is less than one-third of the numljer 
between 25 and 35 (with a death-rate of 77 per 1000). 

A aimilor objection holds if the crude death-rato at the entire 
age-poriod 25-65 is taken ; aa in different occupatious there are 
great variations in age-constitution within these limits, Tliw can 
be met by the calculation of deatli-ratra in a standard popula- 
tion. The standard population thus taken is the number of men 
aged 25-65 in the ivholo population, out of whom 1000 deaths 
would occur in a year, the deaths of 1890-92 and the population 
of 1891 being taken as the basis. 

This number was 62,215 men, viz. : — 





22,586 in the ago-group 25-35 years 
17,418 „ „ 35-45 „ 
12,885 „ „ 45-55 „ 
8,326 „ „ 55-65 „ 




Ag«l. 


SUnd.14 


D»tb-nle per 1000 Uvlng 
iBeMhAgc.groupiimoiiB 


O^ul.1*! nuuibw of Datli. 
Id HUuduid Pupu^tioD Biiiung 


pa;. 


Atl M>1». 


M«li™i 


All MiU.. 




25-35 
35-4B 

45-65 
B5-65 


. 22,&86 
17,*1S 
12.885 
8.326 


6 '60 
U-92 
21-04 
3416 


JL-a7 

13 -01 
21-37 
39-01 


173 
227 
276 
S26 


151 

2flO 
271 
2S4 


1000 


966 



I 



The death-rate in each age^oup in a given occupation, based 
on the death statistics for 1890-92 and the census enumeration 
of 1891, is applied, aa shown in the preceding table, to the 
standard population, and the calculated number of deaths thus 
obtained gives the " comparative mortality figure " for the occupa- 
tion in question. For all males it is 1000, for doctors 966, and 
so on. If the calculated deaths in each of the four age-groups be 
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proportionate!; divided out according to the causes of deatli in 
that age-group, tha comparative mortality figure for the several 
causes of death ia obtained. In Table IV. of the last decennial 
supplement this has been done for each of 100 selected occupar 
tional headings, and also for grouped and for Bubaidiaty headings. 

SoniceB of Error In Occupational Statistics. Even when the 
correct metiiods descril.xHi in the lost [taragraph are adopted, there 
are certain sources of possible error in the vital stutiatics of 
occupation. 

(1) The vagueness with which the occupation may be entered 
in the census or niortahty returns has been already mentioned. 
For this reason only well-defined occupations are taken in the 
decennial supplement of the Registrar-General 

(2) A still more serious difficulty is pointed out by Dr. Ogle, 
for which there appears to be no remedy, and which must 
always to some extent diminish the value of all calculations 
of the death-rate in different industries. Many trades, as that of 
a blacksmith or miner, require great muscular strength, and must 
be given up by persons who become weakly; and the latter may 
then raise the mortality of the lighter occupations to which they 
resort. Thus the death-rate of the more laborious occupations 
is unfairly lowered as compared with the death-rate (o) of those 
engaged in lighter oooupationa, or (b) of those who are returned 
as having no occupation, or (c) of those who liave to betake 
themselves to odd jobs, as geucral labourers, messengers, coster- 
mongers and street-sellers. 

(3) Another flaw in occupational death-rates, when taken as 
teste of relative healthiness, is the fact that those who follow 
the several industries do not start on equal terms as regards 
healthiness. A weakling will not become a navvy, but a shop- 
man or tailor by preference. The occupations demanding great 
muscular strength and activity, to some extent then, consist of 
picked men, stronger at the commencement, and maintained up 
to a certain standard by tlie fact that weaklings are diaft«d into 
lighter occupations. 

After making full allowance for the preceding difficulties, the 
death-rates of different occupations still furnish most valuable 
indications of the relative salubrity of diiTercnt occupations ; and 
whUe small differences may be accidental, large differences must 
be taken as representing real differences of healthiness in tlie 
various occupaUons. 
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^p Hoitality in Different Occnpa-tionB. 

^^repToduce the elaborate toWea yivfii in Part II. of tlie Supplement 
to the Fifty-fifih Annual liepiart of the RetjUtrar-Generai, p 
et eeq. We must content ouraelves with a etatement of the 
comparative mortality ligiires iii some of the chief occupations, 
and refer the reader to the above-mentioned tables for further 
particulars and for the actual death-rate of persons engaged in each 
occupation at each ten-yearly age-group. 

A preliminary iliffiuulty arises in comparing Dr. Tatham'a 
parative mortality figures for 1890-92 with those of Dr. Ogle 
for 1880-82, based on the fact that the latter were obhged to be 
calculated on the death-rates in the two age-groups 25-45 and 
45-65, ajiplied to a population of 64,641 men, of whom 41,920 
were between 25 and 45, and 22,721 were between 45 and 65 years 
of age ; while, in the former, death-rates for four age-groups were 
available, and the standard population of 61,215 men had a 
slightly different age-constitution from tlie above. For this 
reason Dr. Tatham has calculated " modified mortality figures " 
by taking the death-rates at ages 25-45 and 45-65 in the chief 
occupations, and applying them to the standard population in 
1891 of 61,215 men, of whom 40,004 were between 25 and 45, 
and 21,211 between 45 and 65 years of age. In the following 
table these three sets of comparative mortality figures are given, 

r»nd ui the firat column ia given the more accurate comparative 
rtality figure for 1890-92, baseil on four age-groups ; — 
Comparative Mortality Fiqurbs of Males from 25 to 65 
Veabb of Age, engaged is different Occltationh. 
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Ofpuiatloii. 
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1043 




Wool, Worated Manufac- 
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9SS 
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Uw Clerk . . 
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1084 
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Printer .... 
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would giro 533 amoug tlio clcr^'y, 1810 among filo-mak^i's, and 



Occapational Hortalit; SlBtribnted according to CanuB. It 

is ciidj [mssiUc here to suiimiai'ize some of the thief iiisults. Vi'u 
may first compare occuiiieil atul unor.nipml men. The preceding 
table bIiowb the comparative mortality figure of the furmer to he 
953, of the latter, 2215. Doubtless at the earlier ages, the bulk 
of the unoccupied nie thotte who aro phyaiually unfit for omploy- 
nient ; later ou they become climiuated by the high denth-rute 
among them, liut their pliice is partially taken by recruits from 
the ranks of the employed. 

The following table (p. xvi., op.'eil.) shows how in each cnse 
tlie comparative mortality figure ia made up ; — 
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All other eauacs 
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41 
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B6 
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43 
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S4 
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All Caiiaea 
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In the table on p. 176, some of the chief ocuupations are 
ranged in order of their comparative mortality. It ia interesting 
to follow out the occujmtious there enumerated, and discover to the 
comparative immunity from or excess of wlrnt particular diseases 
they owe their relative positions. This win be done by means of 
Table IV., op. cit., p. cxiv. el seq., from which the following 
typical examples are taken: — 
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The conipftwtive mortality figure among all occupied malca 
(953) from Inflnanza is 33. As might he expeutcd, the highest 
comparative mortality figures from Ihia disease ate uuoug thosu 
most expoaed to infoctiou. Thus medical practitioner (9G6) 51, 
innkccpCT, Londeu (1685) 61, milk-eeller (1061) 60. The lowwt 
arc tin-minew (H09) 12, mechanic (399) 12.* 

Alcoholism will be separately considered. 

Bheamatlc Fever is responaihle for a compamtivc mortality 
fignro nmoiif,' all occupied malea of 7, varying from 2 for hatters 
(1109) and hraaa-workers (1088). 3 for ahoeraakers (920) and 
locksmiths (925), to 10 for teachcra (601), 11 for clei^ymon 
(533), 19 for publicans (1642), 25 for mine service (1021), 26 
for hotel servants (1583), and 28 for copper-miners (1230), 

Qaab causes a comparative mortality of 2 among occupied 
laales, varying from for fishermen (845), drapers (1014), hatteis 
(1109), bookbinders (1060), and souio other occupations, to 7 for 
saddlers (924), 10 for gunsmiths (1228) and phimbera (1120), 
and 16 for innkeepers in i^ricultural districts (1320).'* 

Cancer is responsible for a comparative mortality figure of 
44 among occupied malea, varying from 22 among paper manu- 
facturers (904), 26 among Welsh coal-miners (1145), and 36 
among farmers (563), to 60 among barristers (821), 63 among 
commercial travellers (961), 70 among brewera (1721) and 
London innkeejjcrs (1685), 73 among tallow, glue, and soap 
ninnufacturuTS (1109), and 156 among cliimney-aweeits (1311). 

For Phthisis the comparative mortality figure for occupied 
males is 185, the lowest on the list l>eing clergymen and ministers 
67 (533), railway engine drivers and stokers 76 (810), farmers 
and gtajders 79 (563), brick burners 84 (741), coal merchants 95 
(803), and coal-miners 97 (925) ; the mortality figure rising until 
it becomes 325 for dock and wharf labourers (1829), and for 
messengers and porters (1222), 331 for coppoi*-miners (1230), 
333 for potters (1706), 336 for tool, scis,=ora, file, etc. makers 
(U12), 380 for lead-miners (1310). 443 for coatermongers and 
hawkers (1652), and 476 for inn and hotel servants (1725). It 
will be noted that three of the occujiations in which the lowest 
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ire concemcit in tho manipulKtun 

Tlie comparative mortality figure for Diabetee is 7 for all 
occupied males. It is only 1 for meBSROgera and portore (1222), 
3 for locksmiths ami gasflttera (925), and for shijiwrights (713); 
but ranges up to 17 for the ulet^'y (533), for artists and architects 
(778), and for brewere (1427), 19 for innkeepers (1642), 22 for 
medical practitioners (966), and 28 for barristers and solicitors (S21). 

Dlseaaes of the Ner70iiB System show a comparative mortality 
figure of 82 among occupied males. Among the lowest are 
maltsters 44 (884), rope and cord makers 46 (928), farmers 61 
(563), farm laboiiicrs 53 (632) ; among the liighest, barristeiB 
and solicitors 104 (821), railway stokers and dockmen 114, 
medical pmctitionera 122, law clerks 123, breweiB 125, innkeepeis 
160, fllo-makers 312, lead- workers 232. 

Valvular Disease of the Heart causes a mortality figure of 
23 among all occupied males, varying from 9 for maltsters (8S4), 
10 for law clerks (1070), and 13 for chimney-sweeps, to 27 (or 
lawyers, 38 for doctors, 30 for teachers (604), 37 for nulway 
stokers (810), 40 for lead-workera (1783), 43 for hairdreasers 
(1099) and for potters (1706), 44 for fishermen (845), and 47 
for manufacturing chemists (1392). 

For AneuriBm th« figure for all occupied males was 6, varying 
from for fai-mers (563), 1 for stationers, etc. (833), 2 for clergy 
(533), 3 for maltsters (884) and drapers (1014), to 8 for artists 
(778) and musicians (1214), 9 for coachmen (1153), 13 for inn- 
servants (1725), 14 for dock labourers (1829) and gunsmiths 
(1228), 18 for batgemen (1199) and seamen (1352), and "" 
for copper-miners (1230). 

Bronchitis produced a mortality figure of 88 for all occupied 
males. The lowest from this cause were 11 clergy (533), 12 
doctors (9C6), 15 farmers (563) ; the highest coal-miners 114 {926X 
general labourers 140 (1221), coalheavors 180 (1528), coster- 
mongers 193 (1662), tool, scissors, et«. makera 302 (1412), glass 
manufacture 222 (1487), manufacturing chemists 249 (1392), 
potters 376 (1706). 

Tlie mortality figui'c for Pnemaonia among occupied males was 
105, vaiying from 43 for teachers (604), 45 for clergy (533), 61 
for artists (778), 93 for doctora (966), to 158 for innkeepers (1643), 




OCCUPATION AND MORTALITY. 



181 



1H4 for carmen (1284), 197 for hotel aervania (1725), 220 for 
dock bbouTcrs (IS29), 248 for iron and ^tesl inanufacturea (1301), 
aiid 249 for coalheavers (1528). 

DiBe&ses of the Liver had a comparative mortality Rgattt of 
27 for all occujiied males, being 18 for the elorgy, for railway 
guards and porters, for com millerH and for miners, 13 for farm 
labourcre, and ranging up to 55 for lawyers, 59 for brewers, 60 
for doctors, and 201 for publicans. 

Blight's Disease. Comimrative mortality figure among all occu- 
pied males 27, hosiers 8, farm labourers 12, farmers 18, cler^ 27, 
lawyers 38, brewers 55, doctors 56, innkeepers 62, file-makers 82. 

pimnbism. Com[)arative mortality figure aniong all occupied 
males 1, amounting to 15 amony tool, scissors and saw-makers, 7 
among putters, 75 among file-makers, and 211 among lead- workers. 

Accident. Comjmrative mortality figure amoug all occupied 
males 56, teachers 8, clergy 9, grocers 16, drapers 19, railway 
guards and porters 137, coal-miuers 141, coalheavcrs 144, seamen 
202, bai^men 223. 

Suicide. Comparative mortality figure, all occupied males 14, 
tanners and railway drivers and stokers 3, clergy and bargemen 7, 
corn millers 8, lawyers 22, chemists 31, iuiikeepera 32, doctors 37. 

Wo may summarize, in concluaioa, some of the most important 
facts bearing on the influence of foul air, of dust, load-poisoning, 
and alcoholic excess, on the health of those exposed to their 
effects. 

Effects of breathing Foul Air, The followiug table {Suppleitteni 
to the Fi/ty-jifth Annual Report of the Enijutrar-GenereU, part ii. 
p. xeis.) refers to the statistics of 1890-92, and gives for certain 
selected occupations the evidence showing the damage done by 
impuro but not necessarily dust-laden air, in the course of these 
occupations, 

"For each of these occupations the figures indicating the 
mortality from phthisis, and from diseases of the respiratory and 
circulatory systems are sepiarately shown : and in the third column 
tlio figures representing the mortality from phthisis and respiratory 
diseases together are compared with the figure for agriculturists, 
the latter being taken as 100. The occupations in the hst liave 
1>een arranged in the ascending order of their mortalities from 
^Ihisis and respiratory diseases combined." 
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Contrary to tliy experience of two-thinls of tlic occupied miJc 
fKipulation of England aiiil Wales, iihthisia is mort- fuliil than am 
other ilisiiases of the respiratory system in thirteen out of fifteen 
of the groups of workers in the preceding table. 

Effects of breatMng Dust-laden Air, In thi! fnltowing tnbl^ 
extnicteil from the H.ime source as the last, similar facts arc srt 
forth for occiiiwtions in which them ie special liahility lo iujmy 
from tho inhalntion of soliii particles :— 
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Diseases 

of 
Respira- 
tory 
System. 
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of 
Circula- 
tory 
System. 


Occupation. 


Diseases of the 

Respiratory 

System. 

1 


Phthisis. 


Mortality 
Figure. 


Ratio. 


Mortality Figure. 


Agriculturist . 


221 


100 


106 


115 


83 


Ironstone-miiier 


294 


133 


90 


204 


84 


Carpenter 
Coai-miuer 


326 


148 


172 


154 


106 


366 


166 


97 


269 


120 


Corn Miller 


366 


166 


143 


223 


112 


Baker, Confectioner 


392 


177 


185 


207 


130 


Blacksmith 


392 


177 


159 


233 


186 


Wool Manufacture . 


447 


202 


191 


256 


131 


Tin-worl*r 


451 


204 


217 


234 


124 


Carpet, Rug Manufacture . 


471 


213 


226 


245 


87 


Bricklayer, Mason, Builder 
Cotton Manufacture 


476 


215 


225 


.251 


130 


540 


244 


202 


338 


152 


Lead- worker 


545 


247 


148 


397 


272 


Chimney-sweep 


551 


249 


260 


291 


142 


Stone Quarrier 


576 


261 


269 


307 


137 


Zinc-worker . 


587 


266 


240 


347 


126 


Iron and Steel Manufacture 


645 


292 


195 


450 


162 


Gunsmith 


649 


294 


324 


325 


153 


Copper-miner . 


678 


307 


331 


347 


121 


Copiter-w^orker 
1 Leaa-miuer 


700 


317 


294 


406 


186 


705 


319 


380 


325 


142 


Glass Manufacture . 


740 


335 


295 


445 


157 


File-maker 


825 


373 


402 


423 


204 


Tin-miner 


885 


400 


508 


377 


95 


Cutler, Scissors-maker 


900 ' 


407 


382 


518 


167 


Potter, Earthenware 












Manufacture 


1001 


453 


333 


668 


227 



Dr. Ogle, in his remarks concerning the effects of dust on the 
lungs in 1880-82, pointed out that the dust of coal and of wood 
i^as the least injurious, while the dust of metals and of stone was 
the most injurious, flour dust and the dust given off and inhaled 
in textile factories occupying an intermediate position as regards 
injury to health. Dr. Tatham*s figures, just given, on the whole 
Confirm this generalization. The favourable position of coal- 
diners is particularly noteworthy. 



Effects of Chronic Lead-poisoning. Lead-poisoning is evi- 
^l^nced particularly in the following occupations, the comparative 
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mortality figures for [liumbiani being 211 for lead-workera, 75 
for fjle-mitkurs, 21 for plumbers, 18 for glaziers and painters, 17 
for potters, 12 for glass-makers, 8 for copper-workers, 7 for 
coach-mnkors, 6 for gnafitters and locksmiths, S for load-miners, 
3 for printers, cutlers, and wool manufacturera, as compared with 
1 for all occupied uioles. This docs not exhaust the evil, the 
ligures imder the head of urinary diseases, diseases of the 
uervouB system and gout, showing a great excess irk moat of the 
above occupations. 

Effects of Alcoholic ExcasB, Tlio deatli returns under the 
head of alcoholism are notoriously imperfect. Cirrhosis of the 
liver fomiB a better index of alcoholic excess. It is well known, 
however, that the jwrsiatent excessive consumption of alcohoUc 
drinks damages most of the viscera of the body. Ucnce diseases 
of the nervous system, phtliisis, urinary diseases, gout, aiid suicide 
are exoessive in their incidence ou the occupations in which 
alcoholic indulgence is common. In the following table the 
mortahty of occupied males in 1890-92 at ages 25-65 years, 
from each cause of death, luia been expressed as 100; and the 
mortality in each several industry has been reduced to a figure 
proportional to that standard. 
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CHAPTER XVIII. 



MORTALITY FROM ZYMOTIC DISEASES. 



'. have in the preceding chaptera shown the effect produced 

by vartoue social and other conditions on the general 

liiaortality. In the next ]>laco we muat consider the mortality 

I individual diaeasos and from groups of diaeaaes. In the 

I first place, as to the metlioda of statil^ this mortality. This 

> will vary acconliug to the object in view. (1) The tiret plan, 

J luwfiil for purely medietd purjjoses, consists in stating the pro- 

tpciiion of deaths to persons attacked by any given disease. 

J This method is of importance as indicating the degree of 

I .virulence of n juirticnlar disease, and because from the results 

Vthus obtained deductions can bo drawn concerning the ett'ect of 

V particular line of treatment. We may point out the liability 

of this method to error before passing on to the statement of 

nielhodfi usually adopted by vital statisticians. 

(a) The number of facts manipulated is often ko small as not 
to warrant exact conclusions. Thus in a small outbreak of 

„ enteric fever, investigated by the author, of 31 total cases, 

Ul5 were treated either at homo or in one public institution, 

■ while 6 were treated in another public institution. Of the 

Ffonner none died, while 2 of the latter proved fatal. The 

dilTcrenee in fatality was almost certainly duo to causes other 

thiin the methods of treatment, and any inferences us to skill 

of treatment would be altogether fallacious Speaking generally, 

therapeutical results or etiolr^cal theories, advanced on the 

strength of pereetdwjes from a stnall numlier of eases, wia*( is 

aceepled with caution. (See also page 323.) 

(b) The two groups compared may have a different aga and 
eex-conatitution, and it is a notoiious fact that the death-rate 

L.from nearly all diseases is largely influenced by these factors, 
vaiwl especially by age. 

Thus in typhus fever tlie percentage mortality (fatality) varies 
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from 2.28 at ages 10-15, and 3.59 at ages 5-10, to 49.63 at 
agea 60-55, and stiil greater at liiglier ages. In enlcrie fever 
the fatality varies from 11-28 jier cent, at ages 5-10, and 12-06 
under 5 years of age, to 26-61 at agea 40-45, and 45 jier cent, at 
ages 55-60. (See pp. 237 and C06, Mwekison'i Treatue on 
CmiinvM Fevers, Third Edition, 1884.) 

Similarly whooping-cough m much nion; fatal among female 
than among male cliildren. Thus iu 1881-90 the deatli-rate 
from this disease averaged 3672 per million female children 
under 5 years of age, as compared with 3066 amoitg male children 
at the same age. In the next group of ages 5~10 the death- 
rates per million living were 155 and 100 among female and 
male children respectively , 

(e) By splitting up the deaths at all ages into groups at different 
ages, the number of individual facts at each age is reduced, and 
thus the fallacy due to paucity of data may be introduced. This, 
however, is preferable to the lumping tc^tber of sets of facie 
which are not comparable with each other. In stating perccntngi^s, 
the nu7)iber of fad» ow which they are founiled thoiUil alicays be 
ifiven, as their trustworthinees can tlien be ganged. 

(d) In the case of infectious diseases, the character of the 
particular epidemic must be taken into account. One epidemic of 
diphtheria may diflLT in virulence from another, and compnriBon 
between methods of treatment in the two epidemics would be 
to that extent vitiated. Similarly, it would be unfair to compare 
the treatment at the .beginning of an outbreak of cholcm, when 
60 per cent, of those attacked commonly die, with the treatment 
in the later and milder period of the epidemic, 

(2) The mortality from any given ilisfase or group of diseaees 
may he stated aa n jiropoiiion to the 'lecUhe fivm all eaitsee. 
This method is, however, essentially fallacious, as it constitutes 
a ratio between two factors, of which lioth are variable, viz., 
tlie mortality from the specified diaeaae, and the mortality from 
all causes. Dr. Ransome gives thn following example of ita 
fallacious character. Suppose a town of 100,000 with 2000 
lumual deaths, of which 500 are caused by phthisis. Here the 
genera! death-rate is 20 per 1000; the death-rate from phthisis 
ia 5 per 1000 living, and the deaths from phthisis form one- 
fourth of the total deaths. In another town, having the some 
popidation, the total deaths are 4000, and therefore the deatb- 
• rate 40 per 1000 inhabitants; the deaths from phthiBis are 
1000, and thei^foii! the doath-mte from phthisis is 10 per 
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1000 ; but the proportion of the phthisical to the total mortality 
is one-fourth, as before. In tho second town, therefore, the 
is by the latter test apparently no worse condition, so far 
■a phthisis ia concerned, than in the first, though matters are 
teallj twice aa bad. 

In annual reports of medical officers of health the zymotic 
mortality is frequently stated as a percentage of deaths from all 
causes. Thus, if m one year the jymotic mortality forms 11 
and in the nest year 15 jwr cent, of the total mortality from 
all causes, it is evident tliat the relative mortality might be 
increased Either by a diminution in total deaths or an increase j 
in lyraotic deaths, though the inference to !« drawn in the two 1 
cases would be very different. 

It is occasionally convenient to know the percentage of deaths 
due to dillercQt causes, in order to estimate the relative magnitude 
of the different causes of death; but this method cannot be 
employed with propriety in comparing one community with 
another, or even in comparing the records of tho same community j 

successive years. 

(3) The deaths from eaeh iniHvvlual eaum may be gtaied per 
tJloiteaiiii or per million of the entire jwpuiatioti. 

Tables on this basis for the principal zymotic diseases will be 
found on p. xcvi. et seq. of the Annual Report of the Regintrar- 
Gejientl, 1896, for the whole of England and Wales, and on 
pp. xx-xxvi. of the Annual Summary for 1896 for 33 great 
.towns and 67 other large towns, or in the corresponding parts 
of the reports for otlier years. 

Here again the importance of stating the number of facts on 
which tho death-rate is based must be emphasized. A single 
fatal cose of diphtheria imported into a hamlet with 200 in- 
lubitonts woidd mean a death-rate from that one cause alone 
of 5 per 1000, and if the rate were pulilished apart from the 
data on which it was based, an erroneous impression would be 
produced. A single year's returns are apt to make a small 
district come out very badly or too favourably. 

As the age-constitution of the population varies but slowly, 
death-rates per 1000 of the entire population are sufficiently 
accurate for most purposca and for the majority of diseases. 
Wlien, however, special accuracy is required, and always when 
dealing with certain diseases, 

(4) 27i8 deaths from eaeh iwUvvlual disease at a given age- 
group shouSd lie elated per 1000 qf tJie population living at tlie 
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name age-ijroup. Thus a comparison of the death-rate per 1000 
of entire population from measles iu a residential suburb witli 
the corresponding death-rato from measles in a thickly-populated 
artisan diatrict would be unfair, owing to the higher proportion 
of young children in the latter, among whom measles is chiefly 
fatal. 

Tho method adopted in the Kegiatrar-Generol's roporte of 
stating the diarrhceol death-rate in terms of the entire population 
is especially open to objection. This can be made clear by two 
examples. The death-rates in the first column of the following 
table are taken from the Annual Summary of the Reijigtrar- 
General for 1896 ; tho second column has been calculated by 



Plua. 


!>«.,. m..D^b™ 


Va 1000 of 


rHlOOTBIrtlu. 


Dover 

HasUnga 

PoraentoigB Bxcoas ol' Dover over 
HwUnp 

HiuWetsliBW 


■42 
■28 


16-7 


+ 61-6% 


+ !!■*% 


:S 


12-8 
1S^4 


+ Bfi^l% 


+ 27^1 % 



Thus by tlie less exact method the percentage excess of Dover 
and Newcastle respoctiveiy is 61^5 and 96'1 pei' cent., instead of 
ll-l and 37'1 per cent., us indicated by the metliod which more 
nearly approximates to the trutli. About 80 per cent, of the 
total deaths from diarrhcea occur under one year of age ; and if 
the deaths from dioiTbcea in the third quarter of the year \ie taken 
as a more accurate index of the prevalence of epidemic diarrhoea, 
the proportion of deatlis under one year of age is still higher, and 
their statement in tenns of the number of births an oven closer 
approximation to the truth. 
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Zymotic Deatti-rate. The term Zi/moik woe introduced hy 
' "Dr. Furr, niij it is piuctii^ally so uuuveiiieut that we propose to 
adhere to it, although Specific Febrile Diseases is perhupe a more 
correct deaigoation. The diseases comprised under this head liave 
such a varied origin, that a rate compounded of all of them would 
lie of but secondary importance. The Registrar-General gives the 
death-rate from the seven chief infectious diseases (smallpox, 
mwisles, scarlet fever, diphtheria, whooping-cough, fever, and 
diarrhcea), and tiiia is usually described as the zymotic death-rate. 
As a test of sanitary condition, this rate possesses considerable 
value, which must not, however, be exaggerated. To begin with, 
the prevalence of such diseases varies greatly in^different districts, 
according to the proportional number of young children in each, 
apart altogether from any differences in sanitary or social con- 
ditions. Then again, although whooping-cough and measles have 
a much greater etTect in increasing the mortality than typhus and 
enteric fever, they are much less amenable to sanitaty measures 
than the latter diseases. An accumulation of children unprotected 
by a previous attack of the two first of the^e diseases, along with 
a epell of severe weather, might cause a great increase of zymotic 
mortality in any given locality, without its being of necessity in 
a less healthy condition than another which had escaj>cd. The 
zymotic death-rate should always be separated into its seven com- 
ponent parts, as well as stated as a whole. 

Periodicity in Epidemic Diseases. In stating annually the 
morUlity from soiue of the infectious diseases, it should be 
remembered that tlieir infrequent appearance in the death-returns 
may he caused by the fact that there arebut few in the population 
who have not purchased immunity by a previous attack. After a 
large epidemic of measles, or whooping-cough, or scarlet fever, 
there is often n lull for several yeara. Dr. Ransomo has inves- 
tigated the influence of cyclical waves, which appear to be 
independent of the accumulation of unprotected persons. From 
the Swedish tables of mortality (Epideiaiologicol Society Trans- 
actions, .1881-82) ho has constructed charts, which show that, 
in the case of suarlet fever, there is not only a short cycle of 
from four to six years, but also a long undulation of from 15 to 
20 years or more, " which may be likened to a vast wave of disease 
upon which the lesser epidemics show like ripples upon the surface 
of an ocean swell." 

Dr. Whitelegge, la extending Dr. Ronsome'e lesearcbea on 
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periodicity, has pointed out certain liLstinctiva feutures Iwtween 
the aUrtrter aiid longer cycles. The shorter or "superadded" 
disease waves are not attended by any regalar and [irogi«ssive 
increase and subsequent decrease of virulence. They are, in fact, 
waves of mere prevalence, as in epidemics due to infected 
milk or water. The longer or fumlamental disease waves are 
cliaracteriKed, on the other hand, by an increase both of prevalence 
and severity, as Rhown by increased fatality of the disease and a 
tendency for persona to bo attacked at agea which are ustially 
little prone to the disease in question. 

Measles has been shown by Dr. Whitelcgge to be cliaracterized 
by minor and major epidemics, the former "occurring every year 
or two, and in a sense meclinnically," and the latter occurring at 
lunger intei'vnlR, and possibly duo to progressive alterations in the 
intensity of the measles virus. 

Average Death-rates. In the following table the average death- 
rates from certain diseases or groups of diseases ai'o given :■ — 

Annual Deaths f&b 1,000,000 pbbboss livhk]. 





18T1-80. 


1S81-W. 


IMl-KS, 


Small-lmx 


234 


4G 


20 


Moasles 


37S 


440 


408 


Scarlet Fever 








Diphtheri* 

Wtooping-confih 


121 


IBS 


253 


612 


450 


398 




67 


14 


4 


Euterie Fever 


322 


196 


174 


Continued Fever 


103 


■26 


8 




935 




662 




468 






PLtlitsia 


2116 


1724 


1404 




747 


eoa 


680 


DiftUtea 


88 


57 


69 


DiaeaaoB of tbo Nervous Syatem 


2789 


2692 


2288 


„ „ CiinLiIatory Systom 


1339 


]67fl 


1677 


„ „ ReBlnratory System 
„ „ Digestive System . 
„ UrtnAnr Syrtem . 
P<ier|CT«I Fever, ChilJ-birth . . . 


ssee 

116S 


3729 
1104 


3747 
1116 


3S0 


43B 


453 


167 


1G3 


187 






643 


663 


AU other and unstated Causes 
All Causes 


4083 


3436 


16S3 


21272 


19080 


19738 



80 19738 J 
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riie above tjible is UKefiil to ahow the reliitivo death-rates from 
is('4ksi(!s, und to indicate the gcuerol tendency towards 
r decline in mortality from them. In accurate investiga- 
tions into the iirevalence of infectious diseoses, especially those 
dealing with limited districts, average death-rates should be 
eschewed, the death-rate for each year being plotted out in 
di.tgiamnirttic form, ao that the exact course of the disease may 
be traced. It may be desirable oecasionally to plot out the 
monthly or quarterly incidence of a disease. By this means the 
intluence of an epidemic in disturbing the usual seasonal incidence 
of eaeh infectious disease can be detected. 

It is {lartictdarly dnngerous to compare the mean deatli-rate of 
two cities or other places for periods of yeara which do not coin- 
cide in the two instances. Even when an average is stnictc for 
the same aeries of years, tliere remains the fallacy that one place 
may have happened to have, say, three epidemica, and another 
four diirinfi the given term of years. It might thus happen, for 
instance, that if two or three additional years had been added to 
the series, the place of the two cities would have been reversed as 
regards their avemge death-rate from the disease in question. 

Measles. The death-rate from this disease in England has varied 
between 1S47 aud 1896 from 602 per million persona living in 
1887 to 257 in 1875, averaging 441 in 1881-90. In London 
it has varied from 884 in 1858 and 942 in 1864 to 246 in 1852, 
averaging 636 in 1881-90. 

Fig. 22 shows that the average animal mortality from measlea 
has not fluctuated greatly in the course of the last fifty yeara. It 
is more fatal in urban than mral districts. The highest mortality 
from measles is at the ages 0-5. In the decennium 1881-90 it 
was 3131 per million persona living in England at these ages, 
only 271 in the next age-period 5-10, and 23 in the age-period 
10-15. The death-rate per milhon living at each year of age 
under S in 1881-90 was 3365 under 1 year, 2916 at ago 2-3, 
1684 at age 3-4, and 1031 at age 4-5. It is evident that the 
higher death-rato at the younger ages might be due to the 
larger number attacked at these ages, or to a greater fatality 
among those attacked, or to both tl^ese combined. The data for 
elucidating this point are scanty, being only obtainable for districts 
in which measles is compulsorily notifiable. Even in such dis- 
tricts it is more likely in the case o'f measles than of other notifi- 
able, diseases that cases escape notification, owing to the lack of 





medical attendauce in a large proportion of casea. In Edinlni^ 
in 1880^89 the fatality from measles varied from 5'9 per cent, in 
1880 to 1-5 per cent, in 1881, averaging 3'1 per cenL for the ten 
years.* Tlie cisea an? not claaai6ed aeconling U) age. 

Ur, T, ThoniBont gives tiie statistics for a certain district Laving' 
an efltimatml mean poginlatiun March, 1893, to March, 1894, of 
35,G06, during nearly the whole of which time measles was 
epidemic in tlie diatrict 



Age-Bronp.. 


Eiblnintod 


1 


AtUck-nle 


DnUi-nle 
parlDW 
][vlng. 


>tt«ck«d. 


At >I1 >gM 


SGeou; 


28 


1-7 


61 


0-1 . . 

1-2 

3-4 

4-6 


USB 

S7* 
102fl 
1000 

851 


72 
119 
172 
102 
170 


6-9 
23-6 
17-6 
8-0 
2-S 


S8 

102 
40 
15 


All «BB» under 5 
6-10 
10 and upwupis 


Gioa 

4630 

25968 


187 
S3 

0.76 


11-8 
0-7 
0-0 


85 
11 




The population fibres for the second year of life indicate abme 
confusion of the census figuivs on which tliey are Imsed, and 
conaequently throw a little doubt on the ratea for the second year 
of life. The figures as they stand show that the main incidence 
of dentils is on the second year of life, while the main incidence 
of attache is on the third, fourth, and fifth years of life. It 
follows that the fatalily from measles is much higher in the 
second than in any of the three succeeding years. 

■ Ten Tears' Compvleary Notijicatitm of IiyfecHata Disease in Edinbvrgh. 
By Dr. H. Littlbjohn, p. 138. 

t SuppleMCTU Co the TvmUy-fauTlh Annual lUpert of the Locai Qaveranunl 
Board, p. 133. 

t The population figurea are given, but to economize spacs not tlie nDinbsr 
of cases and deatlia. Tlie latter can Dbvionsly ba calculated, the pupuhilion 
uid tbe ral«a [ler 1000 being giren. 
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The death-nitea for llie two sejxs show tliiit umk-r 5 the death- 
rate from meaales is higher among mnleB (3271 in 1881-90) 
than among females (2993), while at the a^ group 5-10 the 
tlcath-rate among males is 263, among females 280, and at 10-15 
it 13 19 and 26 pur million living rea|wctivoly. 

The influence of Keagon on the mortality fi'om measles in London 
is shown in Fig. 14. There are two maxima in each year, viz., 
ill ilay and .Tune, and in November to January, the latter greater 
lliau the former. In many other towns, e.g., in Paris, liorlin, 
and New York, the winter rise is small, the greatest incidence of 
the disease being in June. 

Scarlet Fever. The death-rate from this disease was stated 
separately from that for diphtheria for the first time in 1855 
in the Hegistrar-General'a reports. 

In Fig. 23 the course of the two diseases in England can he 
traceiL As it waa thought desirable to show the combined 
prevalence of the two disDaaes, a diagram drawn to scale was 
made for scarlet fever, and then a second diagram for diphtheria 
jiltM scarlet fever, the space between the two curves then repre- 
senting the annuiil death-rate from diphtheria. The same method 
is adopted in Figs. 26 and 27. The death-rate from scarlet 
fever has varied from 1478 per million persons living in 1863, 
and 1446 in 1870, to 149 in 1895. 

The average death-rate from scarlet fever in 1881-90 was 346 
per million males and 322 per million females. At age 0-S it 
was 1712 and 1627 per million living in the male and female sex 
respectively; at age 5-10, 758 and 765; at ago 10-15, 148 and 
158 ; at age 15-30, 43 and 40 respectively ; still lower at higher 
ages. At all ages in the aggregate, and in children under 10 
years of age, scarlatinal mortality is higher among moles, but at 
higher ages the female rate is higher. Scarlet fever is like 
diphtheria, and is nnliko whooping-cough, in being less fatal to 
infanta under one year of age than to those in their second, 
tltird, fourth, or lifth years. 

The rapid decline in the registered mortality from scarlet fever 
might Le caused by diminished prevalence or diminiehed virulence 
of the disease. The question is, whether the difTei'encee shown 
above are due to differeneeg of prevalewx or differences of rase 
mortaiitij (fatality) ? The Aimual Report of the liegintrar-General 
for 1886 gives the figures in column (a) of the following talile, 
which bear on this point. They embody the facts as to the age. 
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Annual Deatli-rate per Million of Population irom Scarlet Fever u 
Diphtheria, 1817-S6. 
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aex, and result of 17,795 coses u( scnrbc fever in the metropolitan 
fever hospitals during the twelve years 1874-85, and in addition, 
the official reports for Christiania, in Norway, of 5000 cases 
which occuiTed there in 1870-72. It was necessary to include 
these, because the returns of the London hospitals did not at 
that time differentiate eocli year of the 0-5 period, during which 
the prevalence of scarlet fever ia at its maximum. As the cose 
mortality in Cliristiania for the aggregato 0-5 period wns nearly 
the sanic as that of the corre.'iponding period in Loudou, it was 
fairly assumed that the rates for individual years were Ukewiao 
similar. 

In column (b) of the same table are stated the fatality at each 
age of 39,353 male and 42,352 female cases of scarlet fever 
admitted to the metropolitan hos]>itals in the years 1892-97. 
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I 100 Casks of 8cabl«t Fbvkb. 



Ago. 


ia7*-SS. 1 1BD2-97. 


.BT4-8... !««-«. 












Hum. 






(«> 


Cb) 


(o) 
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S9'S 


24-8 


44-2 


27-1 




88-4 


20-6 


84-8 


20-4 


2-3 .. . 


2G-S 


15-4 


22-8 


16-0 






11-2 


17 1 


113 


4-5 .. . 


13 


8-1 


11-2 


6-8 


Total, 0-5 


24-1 


■ ]2'8 


21-7 


120 




10-6 


3'] 


97 


S'O 


10-15 . 


6fl 


IB 


6-3 


I'l 


15-20 . 


4-0 


1'6 


S-4 


I '5 


20-25 . 


3-B 


1-2 


3-2 


17 


25-3B . 


7-5 


17 


4-3 


\'3 


35 aud upwanin 


8'B 


■4-9 







The same figures also show that at each ogc and group of 
ages tile fatality of scarlet fever has declined to a remarkable 
extent. As the dcoth-rate and the fatality from scarlet fever 
both decline with advancing years, it ia clear that the longer 
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on attack is dsferred the less likoiy is it to occur at all ; and 
that even if it occur eventually, the less likely is it to end 
family. 

There are no figures hoaed on ttie compulsory notiGcatiou of 
scarlet fever, twenty or thirty years ago, to enable a certain con- 
elusion to !« reached as to the question pre\-iou6ily neked; but, 
on tho whole, it Heenis clear that there has been a real " change 
iu the constitution" of scarlet fever, and that if thei« is 
diminished prevalence of this disease it is subsidiary in im- 
portancB to its diminished fatality. 

Dipbtheria. Tliis disease was only separated from scarlet 
fever in the Registrar-General's returns in 1855, and there ia 
little doubt that many dcatlis are even now returned as ulcerated 
throat, quinsy, croup, laryngitis, or membranous laryngitis, which 
should be entered as diphtheria. Elsewhere* I have discussed 
the influence of these changes of nomenclature, and have shown 
that by plotting out tho annual death-rate from croup, plus 
diphtheria, we obtain approximately accurate results. It is 
possible that in a given diagram thus obtained, the amount of 
diphtheria may bo understated; but the teaching of the diagram, 
as to which are tho epidemic and which the inter -epidemic 
years, can be confidently accepted. It is on the position rather 
than on the height or depth of the crests and troughs of the 
epidemic waves that the main teaching of such curves depends, 
and these may be regarded as absolutely accurate. 

Tho variations in the English death-rate from diphtheria since 
1855 can be seen in Fig. 34. The highest was 517 per million 
living in 1859, and 318 in 1893; the lowest (omitting the three 
years 1855-57, in which there was probably still some confusion 
witli scarlet fever) 93 in 1872. In London the highest death- 
rate per miUion living since 1859 was 761 in 1893, and the 
lowest 80 in 1872. 

In the decenniiui) 1881-90 tho male death-rate at all ages in 
England and Wales averaged 158, tho female 167 per million 
hving, being 688 and 693 in the male and female sexes at ages 
0-5, 373 and Hi at ages 5-10, 84 and 115 at ages 10-15, and 
35 and 37 at ages 15-20. 

Diphtheria i^reea with scarlet fever in being less fatal to 
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infanU tn llieir firat year of life than in any other year of lb 
first five. 

The following table gives the experience as to the fatality from 
diphtheria among 11,553 male and 13,861 female patii>iita ad- 
mitted into the Metropolitan Asylums Board's Hoepitals in Ibk 
years 1888-97 :— 



I 



Asm. 


Fkt.Utyp.rHml. 1 


MlllCK. 


F.m.l«. 


Total. 


Undw 1 . . 
1-2 . 

2-8 . 
3-1 . 

i-5 . . 

TotalnnderS . 
6-10 . 
10-lE . 
15-20 . 
20-26 . 
25.M . . 
35 Md upward* . 


481 
60'2 
42-3 
387 

30-4 


62-6 
SO-5 
30-3 
33-9 
81-3 


60'1 
60-3 
40-8 
36-3 
30-8 


38-B 
21-4 
37 
6-2 
47 
5-5 
10-9 


37-2 
23-2 
8-6 
4-2 
3-9 
4-3 
8-6 


88 -0 
22-8 
8 '6 
4 '6 
4 
4-fl 
8-4 



The fatality of diphtheria has not varied so enormously as thai 
of scarlet fever. There are no English figures stretchiitg over a 
sufficient length of years to prove this statement, but the follow- 
ing curve derived from the experience of Copenhagen for the 
years 185fl-9i, in wliich city compulsory notification of infective 
diseases has been long eetabliBhed, shows that the Bickness-ntte 
and the death-rate from diphtheria closely follow each other. To 
bring out this point a method has been employed which is most 
useful in many Bimilar inquiries. The average attack-rot« (5'88 
per 1000) aud death-rate ('78 per 1000) for the entire period is 
calculated, and then the percentage deviation of each year's rate 
from the mean having been ascertained, these deviations axe 
plotted out a» shown in Fig. 25. 

It will be observed that although the attack-rates and death- 
rates do not deviate greatly from one another, the fatality of the 
disease increased somewhat during the epidemics culminating in 
1865_'and in 1879, while during the epidemic culminating in 1890 
the_csses_increaEed in a slightly higher proportion titan the deaths. 
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The palhogenosis and eptdemicitj- of diphthetia are discussed in 
iletail in the author's "Epidemic Diphtheria," to which reference 

nmsl Iw niude for further particulars. 

WhoopiDE-conKh. Tlie annual death-rate from this disease in 
Kngland can be seen in Fig. 22, It has varied since 1847 between 
736 per million living in 1866 and 316 in 1895. In the years 
1881-90 it averaged 418 for males and 480 for females of nil ages. 
Under 5 yeare of aye the male dL-alhiate per million was 3066, 
llw female 3673; at ages 5-10 it was 100 and 156; at ages 10-15 
it was 3 and 5 respectively. Thu death rate per million living ui 
1881^90 in cauh of the first five years of life beginning with the 
lirat were 7085. 5490, 2168, 1186, and 641 respectively. 

Fever. Under this head are included typhus fever, enteric or 
typhoid fever, and siuiple and ill-defined forms of continued fever. 
Typhus and typhoid fevers were definitely rect^nifed and differen- 
tiated as separate diseases as early as 1849-51 in the writings 
of Jenner, and near the same time by A. P. Stewart and a 
few others. It was not, however, until 1869 that the three 
headings of typhus, enteric fever, and eimple and ill-defined fever 
were commenced in the official returns. Tne course of llie diseases 
enuiucnited alxtve can be seen in Tig. 26. 

In 1847 the death-rate jier million from "fever" was 1807, 
declining to 652 in 1860, and to 895 in 1868. It is probable that 
in these earlier years defective diagnosis caused many erroneous 
entries under this head of what would now be reci^nii^ as 
tuliercular meningitis, general tuberculosis, pneumonia, etc This 
is supported by the course of the curve in Fig. 26, which shows 
the gradual extinction of simple and ill-defined continued fever, 
owing to its gradual transference to tlie two other headings. The 
rapid diminution of typbtts is ehown by clinical evidence to Vie 
real, this disease tending to I«come extinct in connection with 
improved sanitation. Thus the death-rate ])er million living from 
typhus declined from 57 in 1871-80 to 14 in 1881-90, and 4 in 
1891-95. 

There can !« no dmilit also that the reduction of typhoid fever 
is in the main a real one. In 1871-80 the death mle from tliis 
disease was 322, in 1881-90 it was 196, and in 1891-95 il was 
174 per million living. Tlie decline at each age-period is a matter 
of some importance, and we therefore give the following table 
showing ilio rates itnd the poi'centage decline for each si 
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68 


B- 
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170 


45 


364 


189 


4S 


10- 






273 


191 


30 


8G0 


225 


36 


IB- 






378 


298 


21 


488 


280 


36 


20- 






430 


3SS 


22 


334 


233 


SO 


26- 






309 


272 


12 


230 


196 


30 


35- 






258 


201 


22 


238 


184 


31 


45- 






273 


176 


35 


230 


135 


41 


55- 






2»0 


166 


43 


247 


122 


60 


85- 






340 


132 


81 


256 


98 


61 


76 & upwurds 


25B 


71 


78 


187 


65 


71 



The moat Btriking feature of tliis table is, that tlie mortality 
from enteric fever Laa decreased much more uiider 10 und over 
55 yeaiB of age than at the intermediate ages. The inequality of 
the decLuie of the fever-rate at different ages is probably largely 
owing to greater accuracy in diagnosis in regard to the very young 
and old, who ware formerly said to die from "fever" or typhoid 
fever, but who are proliahly now grouped more accurately under 
other headings. 

After ample allowance for this source of error, there had still 
been an enormous reduction of fever at all ages. Nor can the 
reduction of mortality he ascribed to the prevalence of a milder 
type of disease. This is shown by the following figures from the 
experience of (a) the London Fever Hospital (Murchison) in 
1848-67, and of the Metropolitan Asylums Board's Hospitals (6) 
in 1871-97, and (c) in 1897. 
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Fatalitf pet 101) aafi trat«d at 1 
«cU age-gmop. 


Akm. 


jw. I8i§-a7. 




6M). 


UndarE . 
B- . 
10- . 
16- . 
20- . 
25- 

ao- . 

85- . 

40- . 
15 and upwards 




12-1 

11-3 
12-S 
15-6 
20 '4 
20-5 
26-6 
25-4 
26-6 
IB- 8 


12-9 
8-B 
IS'O 
17 -B 

ao-3 

22-9 
24-9 
27-2 
24-9 
38 fl 


7-1 
7.7 
9'B 
20-8 
18-8 
28 -S 
840 
27'3 
25 
23 1 


AUAgea . 


17-3 


17-3 


187 



The decline in mortality from enteric fever must therefore he 
due chiefly to its diminished prevalence. 

The following tahle shows the attack-rate and death-rate per 
100,000 living from enteric fever for the entire population of 
London at each age-period in 1896 for the two sexes. 





Tlio linbility to attack 13 seen to be greater nt all ages in 
than in females. Tlie greatest UabUity to attack is between 
tenth and twenty-fifth years of age. The fatality Is higher 
moat ages in males than in females. 
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DiarrhiBa. Diarrhoea is the name of a symptom, not of a 
disease. It represents the reiiidue after fatal cases, in which 
(liarrhsa was the most prominent symptom, have 1>een relegated 
to the disease wliich caused the diarrhoea. The Registrar-Qeneial 
includes dysentery under this head, but true dysentary is now 
unknown as a disease having its origin in this country. Many 
cases which were formerly entered as diarrhcea now appear as 
enteritis or gastro-enteritis. Thus Dr. L. Parkes {lirilith Medical 
Journal, ftfay 28, 1898) has shown that in London the followiBg 
change in the proportion of deaths at three age-periods to total 
deatlis from the same cause at all ages has taken place. 



Peucbntaob of 


Deaths 


AT THHB 


J! AaE-PBBiODS TO Total Deaths. 


TmrB. 


DtsnhffiS Biid CliDlcre. 


ButoriU.. 


u.d„:. 


Has. OTerfi. 


Un.1^,. 


Itos. 


0,^i. 


1800-7 . 


62 

79 


20 
13 


IS 

8 


30 

68 


12 
13 


68 
19 



Similarly, if the number of deaths registered as due to enteritis 
be stated in relation to every 100 deaths from diarrhcea and 
eholei'a, the proportion will be seen to have increased from 
11 per cent in 18C1-C5 to 52 per cent, in 1896-97. It is 
uncertain liow much of what is now returned as enteritis would 
have been formerly entered as diarrhoea, but the rapid incieose 
of the death-rate from enteritis since 18T7, shown in Fig. 27, 
is very suggestive. 

The average annual death-rate from diarrhcea! diseases {in- 
cluding cholera) was 1076 per million living in 1861-70, 935 
in 1871-80, 674 in 1881-90, and 652 in 1891-95. The death- 
rata in 1881-90 per million hving at each ago-period yras 4346 
under 5, and 2581 at 75 and over. These disMsea arc, therefor 
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most fatal at the extremes of life. This is especially true for the 
first year of life, ia which the deatii-rate per million living in 
1881-90 waa 16,044, that in the fifth year being only 145. 

The connection between the temporatnre of the aii and the 
prevalence of diarrhosa is shown in the annexed diagratn. 

Fig. 28, from an earlier edition of this work, is introduced 
partly for critical ]JurposBS. A more exact method and freer from 
fallacies would have been to work out the percentage deviation of 
each week's temperature during 1887 from the corresponding 
week's temperature for a seriea of years, and similarly to work 
out the percentage deviation of each week's diorrhoBol death-rate 
from the corresponding average weekly death-rate in a series of 
years, and then to plot out the two series of figures (which 
would now be on a corresponding scale) in a diagram. 

Diarrhcea being eminently on infantile disease, bo far, at least, 
OS it ia fatal, and in fact being almost synonymous with epidemic 
diarrhcea, it would be preferable to state it in terms of the 
number of births (p. 188). By this means, a portion of the 
discrepancy in the death-rate from diarrhcea in great towns is 
removed. Considerable differences still remain when this correc- 
tion has been applied. These differencea are partly due to the 
varying presence of insanitary conditions, especially those con- 
nected with pollution of the soil and the atmosphere with escre- 
mental matter ; but social reasons also have undoubtedly a great 
influence, bb the occupation of the mothers, the varying amount 
of feeding bj hand, etc. The prevalence of diarrhcea is a matter 
of great importance, and ouglit to receive fui'ther elaborat* and 
combined investigation by skilled observers. 





CHAPTER XIX. 



SMALL-rOX AND VACCINATION. 



PROBABLY no department of vital statistics is so important 
as that which deals with smaU-pos and vaccination. As 
certninly, in no department of medicine has so large an appeal to 
figures been made, and in none have the deductions from flgiires 
been so contradictory, in a large measure owing to the intense 
mental bias with wluch Ihia subject has been taken up by those 
whose cliief anxiety ajipears to be to mould the figures so as 
to fit in with their preconceived prejudices. There has not only 
been incompetence and ignonmco on the part of many anti- 
vacoinat«ra who have dealt with vaccination and small-pojt, but 
in some cases culpable misconduct in dealing with statistiot. 

Tlie Royal Commission on Vaccination have issued six enormous 
volumes of evidence and nine further volumes of rejtorts of 
special inquiries made on behalf of the Gominisaion. The final 
report of the Royal Commission, published in August, 1896,* 
comprises an ei^ceUent summary of the main facts and arguments 
relating to vaccination from every standpoint, and is essential for 
all who wish to obtain a grasp of the subject. The some volume 
contains the dissent of Dr. Collins and Mr. Picton, two membeiB 
of the Commission, from the report, embracing practically every- 
thing that can be said on the anti-vaccination side. The review 
of the dissentients' statement hy Dr. McVailt exposes in a 
masterly fashion the errors into which Messrs. Collins and Picton 
had fallen. The study of the preceding volumes will enable the 
intelligent reader to expose with ease the fallacies contained in 
the anti-vnccination pamjdJets by Russell, Paul, and others. 

It is impoBsihle here to more than summarize some of the chief 
facts of the subject and to indicate the chief errors, which haT4 
an incidental value as instances of statistical fallacies. 
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rates for small-pox for series of yenrs. The dnngo 
average death-ratea have been already emphasized (boo p. 191), 
A glance at Fig. 29 will show how very easy it wotild be, 
especially in its earlier portion, to arrange the death-ratoB in 
gronps of years, so tliat either a reduction or an increase of 
small-pox mortality could be displayed in contrasting two Bin- • 
tiguous periods. 

The death-rate from small-pox per million inhabitante in 
England has varied since 1847 from 1 in 1889-90 to 1012 in 
1871. The epidemic jwaks since 1847 have occurred in the 
following yeare : 1847 (507), 1852 (401), 1858 (329), 1864 (364), 
1871 (1012), 1877 (173), 1881 (119), 1885 (104), 1888 (36), 
1893 (49). In London the death-rate from small-pox has varied 
since 1848 between in 1889 and 7912 in 1871. The epidemic 
peaks have occurred in the foUowiiig years: 1848 (1620), 1853 
(1159), 1855(1039), 1859(1158), 1863 (1996), 1866 (1391), 1871 
(7912), 1877 (2551), 1881 (2367), 1885 (1419), 1893 (206). 

During 1896, 541 deaths in England and Wales wore referred 
to small-pox, corresponding to a rate of 1-8 per million, com- 
pared with rates of 7, 27, and 49 in the three preceding years. Of 
the total 541 deaths from Bmall*pox, 443 occurred in the registra- 
tion district of Gloucester. During the first half of 1896 the 
mortality of tliia city was increased, on account of amall-pox 
alone, by 143 per cent. 

Although average death-rates for groups of years should not 
bo considered alone, they may serve to indicate, without fallacy, 
if due precautions are taken, the trend of a particular disease, and 
for this purpose the following figures arc usefid : — 
Death-bate fe« Million ntou Suall-pox ih Ekoland akd Wales. 



FeHod. 


Panrat 


IfilM. FomtlH. 


Bfinirks 


1871-80 . 
1881-90 . 
1891-85 


ISO 
234 

45 
'20 


179 1 U2 
205 1 205 
52 1 38 


two opideinics. 
two epidemics, 
two o]>!dctnioa. 



The decrease in the death-rate from small-pox haa until recent 
years been much greater in the provinces than in Loudon, 
probably owing rather to the more frequent, opportunities o£ 
infection in the latter than to any other cause. Thus in 1838-43 
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Llic death-rates [ler million living in England as a wliolc and in 
London resjjectively were 755 and 547, while in 1880-84 they 
were 244 and 34. In 1891-95 the death-rate from small-pox in 
London has only averaged 19 per million, as compared with 
20 in the whole of Enghnd. There can be little doubt tlint the 
greatly improved isolation accommodation for small-pox jjatienta, 
in hospitals remote from centres of population, is chiefly ro- 
sponsible for this great improvement in the metropolis. The 
efficiency of hospital isolation as a means of preventing epidemic 
small-pox in a community of which the largest proportion has 
been vaccinated is one tiling ; it is quite another thing in an 
nnvaccinated community. In view of the extreme infectiousness 
of the disease, it is more than doubtful if isolation and the 
collated measures would suffice to prevent epidemic smallpox in 
the absence of vaccination. 

Small-pox ia tho Fre-ngistratioii Period. Fig. 29 shows tliat 
there has been a decrease of small-pox moitality during the period 
for which there are official records in England. A stmly of 
smnll-pox, which is confined to these sixty years, does not, however, 
give an adequate conception of the remarkable fall in small-pox 
mortahty which has occuiTed. The work of vaccination in 
reducing small-pox was in a large measure accomplished by the 
middle of the nineteenth century, and since that time there has 
l)een much lees scope for diminution. This will be clearly seen 
from the diagram relating to London, which faces p. 6 of Dr. 
McVail's Vaccination Vindicated (Cassell and Co., 1887), ■whicli, 
although published before the issue of the report of the Koyal 
Commission on Vaccination, still remains an authoritative l>ook on 
the subject. Small-pox reached its Ligbest point in 1796 (two 
years before the date of Jenner's "Inquiry"), when 18J deaths 
out of every 100 total deaths were caused by amall-pox. In the 
prO'Vaccination period small-pox was nine times as fatal as measles 
and seven and a half times as fatal as whooping-cough (McVail). 
Under vaccination it has sunk to an insignificant position when 
compared with these diseases. 

The Epidemic of Small-pox of 1870-73. Dr. Guy applied 
the term epidemic to any outbreak causing one-tenth or more 
of the total deaths from all causes in any year. He found that 
in London tjiere were ten such epidemics of smail-pox in forty- 
eight years of the seventeenth century, twenty-nine in tho 
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eigliteenth century, and none in the nineteenth century. If tlie 
standard be reduced to 7 J per cent, of the total deaths, then 
fourteen epidemics occuired in the seventeenth century, sixty in 
the eighteenth, four in the nineteenth (HcVail, op. ctl., p. 44). 
The above figures relate to London. Tlie worst year under 
obhgatory vaccination in London w»s 18T1, in which barely i\ 
per cent, of the UAa\ deaths were due to smoll-pos, a proportion 
which was exceeded in the eighteenth century uinety-tliree times. 
The 1870-73 epidemic, notwithstanding its comparatively small 
magnitude, has been frequently employed to show the inutility 
of vaccination. From 1S47 to 1853 vaccination was optional; 
between 1854 and 1871 it waa obligatory, but not efficiently 
enforced; from 1872 onwards it was obhgatory, and more 
efficiently enforced hy vaccination officers until recent yieaia, 
in which the enforcement has become gradually relaxed in many 
districte. If we waive for the moment our objection to death- 
rates for groups of years, and contrast the death-rate in the 
five years 1865-70 with those in the two 5-year periods 1871-75 
and 1876-80 (1871 being the maximum epidemic year, and the 
year preceding that in which the more rigid Vaccination Act came 
into operation), we find that in the former period the death-rate 
from amoll-pos waa 105, and in the latter periods 411 and 78 
per million persona in England and Wales. The Vaccination Act 
in question waa directed towards securing infantile vaccination. 
It will be interesting, therefore, to observe the distribution of 
the ol)Ovo death-rates according to age. This is shown in the 
following table ; — 



D™th.i»tefrw.i&n.lI-|K« 
PFrtuillionliiinE. 


,»-». 


1S71-76. 


lSTft-80. 


At ages uudCT 5 
6-10 years 
10-15 „ 
lB-26 „ 
26-46 „ 
45 yeare and npwarda 


413 
87 
82 
73 

80 

25 


B37 
524 
234 
428 
351 

i3e 


I4S 
73 
52 
SS 
82 
34 


At ail iiges' . . 


105 


411 


78 



■ In tho above talile the average death-rataa have, for tbe ; ._. __ . 
vonieiice. been obtained by tlio loss accurate niethod of adding together 
death-ratea given on p. 155 of the final report of the Royal Oonu* ' 
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t will be seen that in the period 1871—75, during most 
iriuch aniaD-pox waa epidemic, a, period including at least one 
year in which vaccination waa not efficiently enforced, the deatli- 
mte under 5 years of age was only two and a quarter times 
03 high as in 1865-70 (this period also includes one minor 
epidemic year), while the death-rate at other age-periods was five 
to seven times as high aa that in the earlier years. In the next 
period (18T6-80) no epidemic occurred, and the death-rate under 5 
was only about one-third the corresponding death-rate in 1865-70, 
while at ages over 10 it was slightly higher than in the earlier 
period. The critical age is evidently 0-5 ; but to bring out the 
real facts in connection with this age-period, it would be necessary 
to ciasatfy the deaths according as they occurred in vaccinated or 
unvaccinated children, which the above figurea do not attempt. 
Furthermore, if we trace the period of compulsorily enforced 
vaccination from 1872, it is obvious that only those bom after 
1871 can be affected by this compulsion. Hence not only does 
tlie age-period 0-5 require to be further subdivided, but the 
deaths at ages over 5 are outside llio scope of compulsory vacci- 
nation. These are the ages whicli show tlie greatest increase of 
small-pOK, during 1871-75. The significance of these facts will 
be made clearer by a study of Figs. 30 and 31. 

Small-pox in other Countries. In Sweden complete records 
of mortality from 1774 onwards are available. It is impracticable 
to reproduce these in full here,* liut the main jioints may be 
gathered from the following figurea : — 

Sweden. — (a) Before vacnnation (1774-1800) highest death- 
rate from smalt-pox was 7227 per million inhabitants in 1779; 
lowest was 311 in 1786; average of 27 years = 2008. 

{h) Permisaij^e vaecinntian (1801-1815): highest death-rate, 
2570 in 1801 ; lowest, 121 in 1814; avomge of 15 years = 631. 

(i\) Cmnpultonj vaceination (1816-1885): highest death-rate, 
935 in 1874 ; lowest, 0-5 in 1846 ; avenge of 70 years = 173. 

In Prussia the death-rates from emall-pox for the period 1816- 
83 were as follows :~ 

Vaccmation io qaioguentiial groups, Bind then dividing by 5, instead of by 
the more u'cnrate method of addiajj tagetlicr separately the duaChs aud tbe 
[HipuUtioti Cor each five years, aud then calculating the death-rate. The error 
IS n vrry small one. 

• See VaccituUvm and Small-pot. By Dr. E, J. EnwAnDEs. Churchill, 
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-JJmlh-ralet per 100,000 Hvin;}. 



iO, 10, IT, 20, 19, U, 15, U, 25, 1 
, 16, 11, 16, U, 22,; 



, 27, 29, : 

19, 24. 
1831-50.-11, 30, 00. 48, 37, 18, 15, 

27, 15, 15,9, 1.1, 10, 15. 
1851-70.— 12, IS, 39, 43, 9, 7, 13, 26, 19, IK, 30, 21, 33, 46, 

43, 62, 43, 18, 19, 17. 
1871-72.— 243, 262. 
1873^74.-35, 9. 

K«v3ccination of genomi population in Bcliool-agc made com- 
pulsory in 1874. 

1875-82.— 3-6, 3-1, 0-3, 0-7, 1-2, 2-9, 36, 3-6. 
1883-86.— 4-0, 1-5, 1-4, 0'5. 

The following figures for Austria are important, as apart from 
the cniorcomcut of tbo vaccination law of 1874 in PruBsiH, all 
ottior conditions appear Ui be the some iii Iho two countries. (Sec 
Dr. A. F. Hopkirk'a evidence before the Royal Commissiou.) 

AvsTRiA.— Dt'(Uli-rafe» jier 100,000 living. 

1842-44.-20, 16, 13. 

1848-46.— Data ore wantii^. 

1847-71." 14, 18, 21, 15, 26, 25, 51, 59. 62, 31. 3G, 56. 44, 

23, 23, 31, 53, 84, 45, 36, 47, 33, 35, 30, 39. 
1872-74.- 189, 323, 178. 
1875-81.-57, 39, 53, 60, 50, 64, 82. 

It would be cosy to multiply instances of comparisons bclwoen 
comparatively well- vaccinated and comparatively badly-vaccinatod 
communities, but the following figures dealing with the epidemic 
years centring about the year 1871 must suffice.''^ 

Small-pox. Deallis per milium living in the tiro irorst y&xrt 
of the e}n-hmk. 1870-74 (Koriiai). Compurutively bodly-vacci- 
nated countries; Prussia (1871-2), 5060; Holland (1870-3), 
5490; Austria (1872-4), 6180. Comparatively woll-vaccinated 
countries: Scotland (1871-2), 1470; England (^1871-2), 1830. 

Further instancee may be obtained in the evidence given before 
the Royal Commission on Vaccination. 
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ih-n>t*» from amill-poi ami Cliiok»n-iio« under Oiin Yo.r ■'( iijB \«i WSW™ aVrtV*. ^'W'^'-'^'' ''"■'ii^;^^ 
«i It 111 Aget ander Fire per BliHon liviuc at th«so Age*. Ul lAVlu, fctjA VVll. 'v'Tl MvW->, t^W^S 
J onto, Aned JS-as. (/} Ditto, AukI 2i-Ai. (;} Ditto, Aiitrd4Cftitau\'EI. ■ 




Age -incidence of Smallpox Mortality. Fig. 39 ehows Uie 

viii'iiitiutus ill tilt; dfulli-mtu fruin amoll-pox at all ages togelltttr 
KJnvo 1K47. In Fig. 30 the sninc facts nre shown for ()itr<;reut 
oge-periixla, nnd it is ]Hirticularly instructive to note the dJirerencea 
in the decline of the 8mall-ix)x death-mto at ditTorcnt ages. 

In the iip|)eruiost curve (a) of Fig. 30 the deaths from Binall- 
pox und cliiekeii-pos togetlier, under ona year of age, are iilatt«d 
out as a nito per 1000 births in each year.* The two have 
been atnted together becuuse of the allogetl confusion bctwwu 
these two diseases in the returns for earlier years. The inclusion 
of cbickc«-]Hix prolwlily dt>e8 not mnterially affect the height or 
fluctuations of the cun'e, but Dr. McVail's remarks, quoted below, 
should be iioted. 

Tile Htatietira cinboiii^ in the ii|>pennost curve are ileriTed froin Dr. 
Ogle^s table on^ \>. 846 of Jlie Sixlk Oeparl of^ Uie S^at C 



; those in tho lower curves rram Ihc Ulile on p. ISS of tbs 
Final Seporl of tlu Jtoj/at CotHviimaii on yaeeinatioii. 

Sulijeot to intercurrent epidemics, this curve shows a steady 
decline of snitdl'pox mortality in infants, interrupted by Uie 
epidemic of amall-pox in 1870-71, an interruption which we have 
alltHtdy noted is shared to a much greater extent by every other 
ago of life. 

At all ages under 5, and at ages lictween 5 and 10 (Fig. 30, 
b and c), there has been a similar and equally marked decline 
of mort^ty from small-pox, while at the higher ages there is 
comparatively little alteration. 

Dr. JlcVail poinU out, however, that the number of deaths 
registered as being due to chicken-iMx in years in which small- 
pox is not epidemic, may be nearly as great as the small-pox 
deaths. Tn epidemic years it miglit reasonably be expeuted 
that if these deaths were really due bo emali-pox they would 
probably !<e greater in number tlian in non-epidemic years, 
which ia not the case. The above lumping together of deaths 
from small-pox and from cliickon-pox would therefore lead to 
some error aa to age-incidence of small-pox deaths in infancy, when 
these are stated as a percentage of total small-pox deaths at 
all ages. Hence in Fig. 31 (n), the infantile small-pox deaths 
do not include chicken-pox deaths. The error is so small, when 

* The deaths unrler oue year of age from aninU-pox and Crom chicken- 
pox are clnsacd together in the aliovc diagram, on the suiipnsitioa that a 
coDsiderahlB projiDrtion of tlic deaths registered as duo to ohieken-poz wars 
really due to Bm.ilI-pox, 
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t.hc iiifniitile deaths are stated in temis of the infantile population, 
thrtt lit, Ogle's tignres have Ijeeii given in Fig. 30 (a) in order 
to avoid laliorions te-i'.ilculations. If the aubject were left at 
thi» point, A most important les8on would escape attention. Tliis 
can only be brought out by couflidering wliat proportion of the 
total deatlia from BmoU-pox have oecurred at different ages in 
suciiessive years. This is shown in Fig. 31. 

The stltistica eiubodicil in Fi([' 31 ara rlerived rrom tlic tabic OD p. 1G4 
of llie Final ScfoH of ihe Eoyai Cammimim uit VfKcinaiiim, 

Fig. 31 brings out in a remarkable manner the altered age- 
inoLilence of small-pox mortality. Thus, in the uppermost curve 
''') of lliifi figiu'e, we note that small-pox mortality in infancy, 
■ T to 1870, nearly always formed 20 per cent, or more of the 
I il mortality from this disease; between 1870 and 1890 the 
Miill-pox mortality at this age did not greatly exceed 10 per cent 
ol the total, but since 1890 it has again begun to form an in- 
creasing proportion of the mortality at all ages. At ages 1-5 
(Fig. 31, b), the change is even more remarkable. Before 1870 
liie sraall-pox deaths between 1 and 5 years of age nearly always 
exceeded 30 per cent, of the total; since 1870 they liave varied 
between 5 and 14 per cent, of the total; while since 1890 they 
liine formed, aa tinder I year of age, an increasing proportion of 
tlic total snioll-pox deaths. At ages G-10 (Fig. 31, c), a similar 
but less extensive alteration his occurred. Between 10 and 15 
(Fig. 31, d) there is some proportional increase. At ages 15-25 
(I'ig. 31, e), the increase since 1870 i.- very marked, while at ages 
over 25 the same phenomenon is visible. 

How is this alteration of age-incidence oi small-|;ox mortality 
to be explained 1 It is jilain that Eomo inHuence u. influences 
liave been at work (a) making small-pox much less fatal in 
Englmid and Wales ; (h) that tlie reduction in the death-rate 
from small-pox has been greatest under ten years of age ; (;:) that 
of the reduced death-rate from small-pox which has occurred in 
recent yeats, a much higher proportion lias fallen in adult life, 
BO mnoh so that the age-incidence of smallpox mortality may be 
described as almost exactly inverted; (rf) that in the last few 
years the curves show a tendency for small-pox to revert towards 
its original type as a disease chiefly fatal among children, 
Tlie explanations given of this altered age-incidence are — 
(I) That it has been effected by the more or less general 
vaccination of the community. 



(2) That it is caused by sitiiitary improvemenLs, wliicli o£iemle 
mora eft'ectually iijion young cliildtc-n than upon otliers. 

(3) That it is explicatJo by the fact ihnt epidemics of small- 
pox now occut at longer intervals than formerly when meosurea 
of isolation were unknown, and when inoculation was generally 
practised. 

(1) If the supposition that the great fall in small-pox mortality 
is duo to vaccination is correct, why has the mortality from 
small-pox among thoso beyond 15 years of age not ehared in this 
decrease I To begin with, the protection afforded by vaccination 
b lets perfect than tliat afforded by a previous attack of small- 
pox ; and in the next place it is /ess p^manetit. Its protective 
influence steadily diminishes, while that of an attack of small-pox 
remains almost unaltered. Starting with these facts, the change 
in the age-incidence of emall<pox is explained as follows : — 

Before the introduction of vaccination but few persona escaped 
having small-pox at some period of their lives, and the great 
majority had it when young. Of these a large proportion died, 
making the small-pox mortolity for tlie early age-periods high ; 
but those who survived, forming a large proportion of the popula- 
tion at the later age-periods, and being permanently proteetwl by 
an attack of small-)>ox, made the small-pox death-rate of the later 
ages a low one. With vaccination the susceptibility of young and 
old was altered, and in laige measure inverted, with a corresponding 
effect on the sntall-pox mortality at different ages. 

The changes in the age<incidence of amall-pox are so great ss 
entirely to preclude any potusibility of referring them to errors of 
registration or fluctuations due to cliance. The most natural and 
probable explanation of them is that vaccination confers an im- 
munity from small-pox in the earlier years of life, which, however, 
is less complete and permanent than the immunity conferred by 
an attack of small-pox, thus explaining the fact that the higher 
ages have not shared in the improvement, and at the same time 
indicating the necessity for re-vaccination at the age of puberty. 

(2) We must consider the hypothesis which maintains that the 
decline in small-pox mortality is due, not to vaccination, but to 
general improvement in the sanitary condition of the community. 
To begin with, no scrap of evidence is forthcoming, which shows 
any connection between bad drainage or other sauibiry defects and i 
amall-pox. In this reBjieet it is like measles and whooping-cou^, 
which remain as prevalent as formerly, despite the immense 
strides which have been made in sanitary improvements. 
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denying any connection between inaaoitation and sniall-pox, an 
exception miut bo made in respect of overcrowding. Like uthei 
infectious diseases, Hmali-pox k moat easily spread when the most 
frequent opportunities exist for personal intercourse. It is therefore 
most often met with, ojid greater in amount, in busy centres of 
population than in scattered rural districts. The moat noteworthy 
feature of the last forty years has been the rapidly increasing 
urbanization of the population, and the immense extension of 
travelling conveniences. And yet, notwithstanding the increase of 
ttiese adverse inHucnces, the smoll-pox death-rate has rapidly 
declined, 

(3) Dr. McVail, in his evidence before the Royal Commission, 
pointed out tliat the age-incidence of deaths from small-pox 
would vary according to the interval between epidemics. Thus, 
in Kilmarnock and Geneva, during last century epidemics came 
every four or five years, and nine-tenths of the deaths from small- 
pox occurred in children under 5 yeara of age. In Boston, U.S.A., 
epidemics came about every twelve years, and the average at death 
would therefore he higlier than the above. For the unvaccinaled 
the periodicity of the disease governs the age-incidence, with the 
limitation to be immediately noted ; for Ihe vacr.iTialed this is not 
eo. The limitation referred to is that furnished by the fact that 
the protected state of the vaccinated diminishes the chances of 
infection, even for the unvoccinated, and therefore diminishes the 
number of epidemics. Hence the age-incidence of deaths from 
BmaU-pox among the unvaccinated will be higher in a generally 
Toccinated than in a generally unvaccinated community. Thus 
in the years 1881-87, of 3099 unvaccinated deaths from small- 
pox only 39 per cent, were under 5 years of age, aa compared with 
ftbout 80 per cent, in the lost century (McVail). At the same 
time, of one hundred vaccinated deaths from small-pox only nine 
were under 5 years of age. 

As regards inoculation, it is only necessary to examine Figure 29, 
noting at the same time the historical fact that inoculation of 
small-pox was made illegal in the year 1840.* 

As regards isolation of small-pox patients, this has undoubtedly 
contributed to minimize outbreaks; such isolation lias only been 

• The Jieporl of Ihe Royal Comminion on Vaccinatiim {]). 17) stateji, "it 
■emu probable that tnoculatioa did not tend to increase the prcvaUrux of 
•mall-pox. In London, daring; the eighteenth century, little or no iiiocalatioD 
was practised until after 1710, but it rapidly increased after thnt date, and 
yet nualt-pox ahowed as marked an insreaue in the first half of the century 
H in tho second. 
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Bysteiiiatically iipplicd in recent years, and in a limited number of 
tystricts. It doea not, furthermore, explain why in recent years 
there i^ a distinct tondeacy for smsU-pox to become again, to a 
greater extent, a disease of early life. 

The recent neglect of vaccination in large communities is at 
least a feasible explanation of this latter fact: and if we study 
Figures 30 and 31 in view of the facta that — 

(1) From 1847-53 inclusive gratuitous vaccination was provided, 

but recourse to it was purely optional ; 

(2) From 1854-71 vaccination was obligatory, but there were no 

efToctual means to enforce the obligation thus instituted ; 

(3) From 1871 onwards, Boards of Guardians wore obliged to 

apiwint public vaccination officers in each district, and 
vaccination was more eHectively enforced ;• 

(4) In more recent years, especially since 1890, there has been 

increafiing neglect of vaccination ; 
the conviction is forced upon the mind that the reduction in 
small-pox mortality, and the alteration in age-incidence of the 
residual mortality, are related to each other as cause and effect 

Altered Age-incidence of otlLer DiseaseB. An attempt was 
made in the Dissent of Dr. Collins and Mr. Pictout to show that 
other diseases show changes in nge-incidence analogous to those in 
small-pox. 

Typhus and Typhoul Fever have been instanced. The diStculUes 
of diHgnosis render this comparison largely nugatory. It is well 
known that formerly many deaths among the very young were 
entered aa caused by "fever," which would now be returned 
under their proper headings in connection with cerebral and 
respiratory affections, and especially with luljercidoBis (pp. 200 
and 239). The percentages of deaths under 5 to deaths at all 
ogea for four successive quinquennia are as follows : — 



.S7,-«. 1 .««.. .«Ji. 


iwn-M. 


TypliuB 

Typlioid . . , 


fl-4 
17-4 


6'1 3-5 

16'0 9'3 


3-4 
7-5 



• It ia probablo tlat the law of 1S7I mado mori' JifTereuoc in the vaccina- 
tion age thsD ia the number vaccinated. It caused vaccination in the ttttij 
months of life to be much moro regularly adhered to (McVail). 

t Op. nf.,p. IZietitq, 
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It will !« noted that a Buddcn change in age-incidonce occurred 
in 1881-85, and that since that .time no further great change has 
occurred. Compare this with the continuing alteration in age- 
incidence 8ho»-n in Fig. 31. It must be noted furthermore that 
fatal small-pox, unlike "fever," is not a diseaae in which dillicultteB 
of diagnosis can occur, eitcept with the greatest rarity. The 
first three columns of the following table are taken from pp, 
cxii.-cxiii. of the Supplement to the Farly-Jiflh Annual Report 
of the l{e;/ulrar-Generai. The last column has been calculated 
by tho author. 

The death-rate from each cause is taken as unity, and then the 
death-rate nt ages under 5 is stated proportionately to this. 



I 



PaOPOKTIONAL MORTALITT PNE 


ER 5 YKARS OF AOB. 


(Mortality at nil Agca = l.) 




ISfil-W. 


.801-70. 


1871-80. 


188,-90. 


From all Cnusea . 


3-0 


3-0 


2-9 


8-0 


„ Measles. . . . 


S'8 


6-8 


e-s 


7-1 


„ SenrlBtFavBr. 


1-7 


4-7 


i-S 


G-0 


„ Diphthcrin . 

,, WhoopinK-couEh . 


4-0 


4-1 


3'B 


4-2 


7'2 


7-2 


7-1 


7 '5 


„ Diarrb-ea . . . 




."i-fl 


6-1 














tyi.hDiJ.aiidill-dcfinBd) 1-5 


1'4 


1-3 




„ SmttU-|iox . . . j 47 


4'0 


2 '2 


I'S 



In most of the above diseases, the proportion of deaths under 
6 has remained stationary or slightly increased, with the exception 
of "fever" (a doubtful whole, in which immense difficulties of 
diagnosis are involved), the proportion of which under 6 has 
declined from I'S to 0'8 ; and small-pox (a well-marke<l and easily 
lecogniaible disease in its fatnl form), in which the proportion has 
declined from 41 to TS. 

It must be remembered that the comparison in the above tables 
is lietween periods of less and of more vaccitmtion, and not 
between periods of vaccination and no vaccination. This makes 
comparison between small-pox reduction and " fever " reduction 
decidedly unfair. Tlie causes of reduction of typhus and typhoid 
fever are recent causes, and almost their whole effect i 
recent years ; whereas small-pox had already shrunk from a giant 
to a dwarf before the years of the above comparison. 





222 



VITAL STATISTICS. 



InJJuetaa has also been instanced, tefurence l)ein^ made by Dr. 
Collins and Mr. Picton to tlio Fifly-ffiurth lleparl of the Segietrar- 
General, in which he states that "the epidemic of 1890-91 was 
distinguished from the equally fatal epidemic of 1347-S by the 
greater comparative severity with which it attacked persons of 
middle age." 

This comparison, only embodying two years of the recent 
epidemic of influenza, cannot be regarded as trustworthy. The 
question of diagnosis arises aa in the case of "fever." In infinenzn 
there is no oxanthem, and it is highly probable that in the two 
epidemics the proportion of cases in which the primary cause of 
death — influenza — or only the secondary cause, such as pneumonia, 
etc., was inserted in the death-certificate would vary considerably. 
Taking, however, the death-rates aa they appear in Table G, p. xx. 
ot the above report, I have calculated the percentage of total deaths 
from influenza at all ages which have occurred at each age-pciiod, 
the result being shown in the following table : — 



Ag.-Ix.riod. 


1S4T-48. 


1890-M. 


Under 
B- 
10- 
IB- 
20- 
26- 
35- 
46- 
Bfi- 
05- 
75- 




■ 


3-3 

O'l 
0'2 
0-2 
di 

0-e 

1-3 

3-3 
11-2 
26-8 
62-8 


2-8 
0-* 
0-S 

0-8 
1-6 
27 
4-S 
8.4 
J 6-4 

aao 

37-6 




100-0 


lOOfl 



A comparison of this table with the results indicated Ji 
shows that the attempt to prove any analogy between the t 
entirely futile. 

Local Variations of Age-Incidence of 8maU-pO£ The report 

of the Royiil Commission embodies a series of facts on thin point, 
which are summarized in i'ig. 32. 
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The relative proportion of deaths from small-iKix under 10 
years of age to lotat deaths from emall-pox at all ages, varied in 
recent epidemics of this difleuse which were s]ieciaU; iuvestignted 
on belialf of the Commission, from 23'5 in Warrington to 66'6 
per cent, in Leicester. The relative proportion of cases under 
10 years of age varied from 9-8 per cent, of the total number at 
oil agoa in Warrington to 35-7 per cent, in Gloucester. In con- 
junction with these variations of age-incidence of sniail-pox we 
have the facts that in Warrington and Sheffield the pcrcentnge of 
the population unvaccinat«d was vety small. In the ten feats 
1H83-92 the returns for the union of Warrington (which includes 
the borough) show tliat 4-8 pot cent, of the births were not 
accounted for. In London, in 1883, the percentage of births left 
unaccounted for wos 6"5, gradually increasing to 16"4 per cent, in 
1891. In Dewsbury the number not accounted for increased from 
12'6 per cent, in 1882 to 37-7 per cent, in 1892. In Leicester the 
percentage unaccounted for increased from 43-8 in 1883 to 80'I 
in 1892; in Gloucester from 10-6 in 1885 to 85-1 in 1894. 

The Royal Conunission'a report lays stress on the facta briefly 
summarized above, pointing out that they are not o]>eu to the 
same chance of error as is involved in a comparison of the mortality 
among persons said to be vaccinated or unvttccinated. 

It is contended on the other side that the proportion of attacks 
occurring among children will depend upon the utcidence of the 
infection. Thus "in Warrington the smoll-pox was mainly spread 
in forges near the hospital, and there were 596 sufl'erers over 10 
to 65 children under 10. In Leicester, on the other hand, children 
were specially attacked owing to the proximity of the small-pox 
hospital to the scarlet fever wards." (It should be noted, however, 
that in the percentage of deaths in Lcicestemnder 10, three deaths 
occurring in the scarlet fever wards have hecn omitted, thus 
reducing the proportion from 71'4 to 66'6,) This contention 
might he accepted if, on investigation, it were foinid tliat the 
outbreak was confined to the particular section of the population 
among which it began. As the I.eicester outbreak was speedily 
stamped out, such an assertion may be partially true for its small- 
pox in 1892-3. It is aliaurd, however, to assume that this explan- 
ation carries any weight in on instance like Gloucester, whose 
omall-pox epidemic only ceased when all the susceptible petsone 
in the city had been attacked. Furthermore, the facts lliat in 
Warrington lai^e ironworks were selected for severe attack by 
small-pox, and in Gloucester one or two elementary schools saWMW 
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severely, is evidence of the value of prinmry vaccination, wliich 
■waa enforced iti Warrington and not in Gloucester. In Leicester 
aniall-pox attacked the scarlet fever hospital, the scarlatinal occu- 
pants of which were sent home, where scarlet fever became widely 
epidemic 

It ia furtlier contended * that the nge-incidence argument is full 
of danger, as it ignores the " true fatality results." These, it is 
aBser(«d, can be tested by the Commissioners' own doctrine. This 
doctrine " implies that neglect of vaccination increases not only 
the liability to attack from amall-pox, but the liability to severe 
and to fatal attack . . ." 

This ailment may bo accepted as valid, and applied to the 
small-pox statistics of the six above towns. 

F&tality of Small-poz. In dealing with such fatality statistics 
it must be borne in mind that unless the number of facts on which 
the percentage is based is substantial, the percentile can carry 
little or no weight. The most serious errors made by physicians 
in concluding, for instance, that n given drug is particularly 
eflicacious, have owed their origin either (a) to the fact that the 
number of cases treated was very small {on this point sec also 
]ip. 185 and 323), or (I/) no allowance was made for age and other 
causes of variation in contrasting dift'erent therapeutical methods. 

It is further to be remembered that small-pox, like all other 
infectious diseases, varies considerably in virulence, and there- 
fora in fatality in difTerent epidemics. Thun in the six towns 
already mentioned, it is probable that persons over 20 years of 
age are in about the same condition as regards vaccination ; but 
the fatality among these was: Gloucester, 14'0; Sheffield (to 
date of census), 10'9; Warrington, 10 3; Dowsbury, 8'0; London, 
70 ; and Leicester, 32 per cent. 

The epidemic of smull-pox in England and in other countries 
in 1870-72, probably owed its origin, in part at least, to the fact 
that the contagium of small-pox acquired at that time increased 
infectivity, owing to conditions — either biological or cosmical— of 
which we are at present ignorant. 

It is asserted that the cLissification into vaccinated and un- 
voccinatiMl groups cannot be relied upon as accurate. Every care 
has however bi'en taken in obtaining accurate statistics for the 
six above towns, and it cannot reasonably bo maintained that 

* Sue p[i. lO'lG of Mr. PaiiVB pumphlet. 
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transference from one group to tlie other has occiirreO on a scale 
wliicli would materially alter the broad result. 

In tlie eix towne together, 2321 uiivaccinated persons were 
attacked, of whom 35-4 per ceut. died (Fig, 33). 

Among the vaccinated persons at all ages who wore attacked, 
8744 or 5'2 per cent. died. 

Among the uiivaccinated, 1449 attacks were at ages under 10, 
with a fatality of 36-0 per cent. ; 870 were over 10, with a fatality 
of 34-3 per cent. Among the vaccinated, 589 attacks were at 
ages under 10, with a fatality of 2'7 per cent. ; 8131 attacks wcrr: 
at ages over 10, with a fatality of 5'4 per cent 

At oil AgH. Under ID. Oru 10. 
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Fercontftge Fatality (Case Uortalitj) in Six Toms among Unvacoinated k 
Vaccinated under 10 and over 10 years of Age. 



In the following table the detailed facts for each of tax. 
towns, as given on pp. 65-68 of the Commiseionere' repoiti 
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Vaccinated cams under 10 . 






44 




2 


33 


FalAlity per cenL 


1-7 


O'O 


2-2 


fl'O 


O'O 


3 8 




288 


228 


174 


32 


107 


680 


Fatality per cent . 


43 -e 


267 


3;ii 


87-5 


14 


41-0 


VoGcitiated cows over 10 . 




1643 


677 


660 


107 


ties 


FutolitT per ceut 


6-1 


2-3 


2 '6 


6 '4 


1-0 


10-0 








1B2 


33 




S8 


Fatality per cent . 


54-2 


20-9 


'"■' 


33-3 


7 -a 


39-7 



■ Uptotliailitsot Dr. BuTT'ioeniiia. 

If the preceding figutes are approximately true, even though 
a veiy liberal margin is allowed for alleged but unproved miatakea, 
it is clear that vaccination is followed by an immense improvement 
in the prospect of recovering from attack of amall-pox. 

Mr. Paul, in the pamphlet already mentioned, makes what he 
describes as a test contrast between Gloucester and Leicester, 
The argument of the Commissi onei's is, lie states, " that no 
cause apart from vaccination can adequately account for the 
great variation in the small-pox fatality among the children of 
the sis towns. What ia the fact? That the widest variation 
of all is observed where something other than vaccination mtul 
accouDt for it; because there was practically no vaccination in 
either cose. These are the facte : — 







Dl«i. 


Leicester Children . . 


90-31 
98-18 


13-7B" 



The error in the above table consists in lumping vaccinated 
and un vaccinated children together. The tahlo on p. 236 sliows 
that among the two vaccinated children in Leicester who were 
attacked, no deaths occurred, while of the 107 unvaccinated 
children, 14 per cent. died. Similarly in Gloucester, the fatality 
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among 26 vftccinnteii chUdreu was 3'8 [Mr cent,; _ 

unvaccinatod children, 41-0 per cent. No supposition abont 
superior social status among the vaccinated vrill cover such 
diflerences as are here displayed. Tnie, the fatality in both 
groups was much lower in I^eicester than in Gloucester; btit 
the difference, betweeti the fatality in vaceirtafed and unvacetHoted 
imu greater in Leicester, Mk at aijet under and over 10, than in 
Gloaeenter. 

Attack-nte among Vaccinated and Tlnvaccinated. Fig. 34, 

emitodyiug the figiirca given on p, C5 of the report of the Koyal 
Commission, shows the greater liuhility to attack by small-poic of 
the unvaccinated, and brings out the fact that the protection 
against attack iraptarted by vaccination decreases with advancing 
age. It is evident that the liability to attack depends primarily 
on contact wth or proximity to sources of infection. Fig. 34 
gives the percentage of attacks occurring airumg jiersone living in 
infedeil houses, classified according to vaccination and according t« 
age under and over 10. The facte illustrated iu Fig. 34 are based 
on all the houses from which the required informatiou could be 
obtained. Their proportion to the total number of infected 
hoiiaea varied in different towns. Thus the information was avail- 
able at Warrington for 437 out of 457 houses invaded, at Dews- 
bury for 544 out of 648 houses invaded, at Leicester for ali 
invaded houses, at Glouccst«r for 899 out of a total of 1097 
invaded houses. 

Had space allowed, I had proposed to discuss the rclationsbip 
between severity of attack of small-pox and vaccination, differ^ 
entiating between the dilferent quohties of vaccination : also to 
summarize the experience of the army and navy, and of other 
countries. For details on these and other points, the reader is 
referred to the Royal Commission's report. It has always 
appeared to me that the most convincing argument is that derived 
from the almost complete immunity from small-iwx enjoyed by 
re-vaccinated nurses in amall-pox hospitals. Thus, in the ex- 
perience of the stair of the Metropolitan Asylums Board Hospitols, 
in the six years 1890-95, out of a staff varying from lIC0to25U. 
the number who conti-acted scarlet fever, diphtheria, or typhoid 
fever during each year varied from 4^0 to 7-3 per cent, of the total 
staff; while out of a staff varying from 64 to 320, the percentage 
attacked by small-pox was nil, except in 1892, when it was 1'4, 
and in 1893 when it was 1'9, 








Rate of Attiick ]n:r 100 Pcrsous liviHg in houses mvadisl by Small-pox uuiong 
Vacciufltcc] anil Uiivni'cinated ouder 10 and over 10 years oj Ajje. 
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The advantages of vaccinntion have Iweii suiiiinarizej as follows 
by the Royal Commission : — 

"(1) That it diminieh^ the liability b> be attacked by the diseaae. 

" (2) That it inudifies the character of the disease, and renders it (a) 
less fatal, and (h) of a milder or luss severe type. 

" (3) That the protection it affords against attacks of the disease i» 
greatest during the years immediately succeeding the operation of 
vaccination. It is impossible to fix with precision the length of tliis 
period of highest protection. Though not in all cases the same, if a 
period is to be fixed, it might, we ihtnk, fairly he said to cover in 
general a period of nine or ten years. 

" (4) That after the lapse of the period of highest protective potency, 
the efficacy of vaccination to protect against attack rapidly diminishes, 
bat that it is still considcmble in the next quinquenmum, and poeaihly 
never allogether ceases. 

"(5) That its power to modify the character of the disease is also 
greatest in the period in which its pi>wer to protect from attack is 
greatest, bnt that its power thus to modify the dii^eaMC does not diminish 
aa rapidly as its protective influence i^ainst attacks, and its efficacy 
durinc- the later periods of life to modify the disease is still very 
considerable. 

"(6) That re -vaccination restores the protection which lapse of time 
has diminished, but the evidence shows that this protection aaain 
diminislies, and that, to ensure the highest degree of protection ^^ch 
vaccination can give, the o[ieration should be at intervala repeated. 

"(7) Tliat the beneficial effects of vaccination are moat experienced 
by those in whose case it has 1)een most thorough. We think it may 
fairly be concluded that where the vaccine matter is inserted iu three 
or four places, it is more effectual tlian when introduced into one 
or two places only — and that if the vaccination marks are of an area 
of half a square inch, they indicate a better state of protection than if 
their area be at all considerably below this," 



CHAPTER XX. 
MORTALIIT FROM CERTAIN INFECTIVE DISEASES. 

PUERPERAL FEV1:R. The last edition of the nomenclature 
of the Kojftl College of Phyaiciftns states : — 

"The t*rm 'Puerperal fever' shnuld no longer be used. Pysemia, 
Septiaemia, or Saprwmia, occurrinc in. puerperal -women ahouM be 
described as 'Puerperal pysemia,' 'SeptitiBuiia,' or 'Saprffimiu' resjiec- 
lively. The other conditions included under the term ' Puerperrd 
fever' should he returned under Affections conaeiiueiit ou Parturition, 
the word ' Puerperal' being in all cases prefiited to the word denoting 
the local process." 

It is doubtful, however, whether such exact definition ia always 
possible. Jfost cases of puerperal fever are undoubtedly septic 
in origin ; but it would often be difficult to go farther than this 
in stating their true pathological character. The advice given in 
the hooks of forms of certificates of death should, however, 
always be followed: "that whenever childbirth has occurred 
witliin one month before death, this fact should be registered in 
connection with the cause of death." This has been to a large 
extent neglected in the past by medical practitioners, and during 
the ten years 1881-90 lettera sent out from the General Register 
office have resulted in over 1000 deaths hoing transferred to 
puerperal fever out of about 4000 deaths, the certified cause of 
which was "Peritonitis," occurring in women of child-bearing 
age, Again, of more than 3000 deaths returned as from pyjemia, 
blood-poisoning, etc., about 700 were ascertained to have been 
due to puerperal causes, and nearly half of 244 deaths ascribed in 
the certificates to metritis required to be similarly transferred. 

Puerperal fever being confined to parturient women, it is prefer- 
able to calculate the death-rate from it in terms of the number of 
births rather than of the number of the entire population, as in 
ttte following table : — 





ASSOAL NUMIIER C 



Number or Dntha. 


^ 

s 




f 
S 


i 


i- 


Fueiperal Fever >nd other . { 

KuidBOt* of Childbirth . 1 4-8 
Puerperal Fever . . - 1 I'B 
AcciJenW of CbildWrth . . B'S 


47 
1-6 
81 


*7 

2-1 

2-7 


2-6 
2-2 


ai 



ThuB in 1881-90 to every 1000 children bom alive, 4-73 death 
of mothera occurred, or one matemal death to 21 1 Uve-bom 
children. 

It shouid Iw reniemhered that the numl«r of ehilil-imm^Ttgt ia 
not equivalent to the niimlier of Ijirths. The birtlis indicate the 
children born alive. Some other chiktreu are stillborn, and sunie 
are multiple at birth. Excluding the still-birtiis, the numlier til 
child-bearings is obtained by reducing the number of births ia 
about the proportion of 1 to 0'9902. 

The following table (Supplenient to the Reijisirar-GeneraVa Fiflij- 
fifth. Annual Re/torf, part L p. ex.) shows the incidence of puerperal 
mortality at different agee. 



1861-70 
1871-80 . 
1881^80 


AU A|t». 


10- 


l^ 


50- 


eo- 


ii- 


li- 


40- 


S21 

S26 
297 






161 
187 

128 


G33 
67S 

eoi 


921 
888 


8S6 
802 


00 
63 

43 






The preceding table is not free from falloeiBS, The diflurencea 
shown between the rates at each age-period may be caused sulely 
by alterations in the risks of childbirth or by alterations in the 
birtli-tate of the population at the same age-period. For accurate 
purposes what is required is a statemcDt of the number of births 
classified according to the age of the mother, distinguishing between 
the births occuniiig within and without matrimony. 

There is the further fallacy connected with average death-ratea 
far series of years. This is brought out in the following curve. 




wliich Bhowa the mortality from puerperal fever in England and 
"Wales from 1847 to 1896, stat«d in proportion to the number of 
births. 

The curve ahows yeara of greater mortality from this disease, 
which make one Buapeet the possibility of its partaking in eome 
respects of the character of an epidemic disease. LongBtalT bas 
shown that the chief increase in the death-rate from this disease, 
as well as tluit of erysipelas, occum in years of deficient rainfall 
Both GressweU and Longstaff have shown that the yearly mortality 
from scarlet fever is also inversely to the amount of lainialL I 
have shown a similar relationship between deficient rainfall and 
the epidemic prevalence of diphtheria* and of rheumatic fever.t 
Now the yeara since 1881 have been almost without exception 
years of deficient rainfall, and this protracted deficiency of rainfall 
lias corresponded with a protracted excess of puerperal fever, as 
well US of the diseases mentioned above. Another factor came into 
operation in 1881, and has been continued in subsequent years, 
viz., the sending out letters of inquiry from the General Begisler 
Office, as already indicated. It may, therefore, be that these two 
factors have produced an increase of registered mortality from 
puerperal fever, and that there has been no greater carelessness in 
precautions against se])ais on the part of accoucheurs or midwives, 
as the figures might at first sight indicate. If this supposition is 
correct, then with the next cycle of wet seasons puerperal mortahty 
will again decline. It may decline beyond what may be described 
as the " normal " extent, if antiseptic precautions are rigidly prac- 
tised in connection with midwifery. 

A further subject of inquiry is the relationship of puerperal 
mortality to the primiparous or multiparous condition. No official 
English data are available on this point. Valuable information, 
both for the business of life insurance and for medical purposes, 
would be secured by making it obligatory to insert the ages of the 
parents of the children whose births are registered, and the jiosition 
of the chUd in the family. (See p. 69.) 

Mr. T. A. Coghlan, government statistician for New South 
Wales, gives some valuable information on these points, based 
on the 115,669 confinements and 813 deaths due to childbirth 
registered in New South Wales in the four years 1893-6. 
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The biiths and deaths in ohildliirth being arranged according to 
the numbei' of the confmomBnts, show a probability of dcatii in tlie 
first confinement of 0-0087, in the second 00066, in the fifth of 
0-0052, in the tenth of 0-0097, in the tliirteenth of 0-0168. The 
risk attending the first birth is greater than that at any subse- 
i]uent one up to the ninth. The minimuni risk appears to be at 
the fourth confinement, hut the increase in the risk at subsequent 
confinements may be due to the increased age of the mother. 
When the first confinements are arranged according to the age 
of the mother, it is seen that the risk attendant upon a first 
birth is at a minimum at the twenty-second and twenty-third 
years, and after five years increases ratlior rapidly with age. 
Tlie following table summarizes some of Mr. CoghLiu'a most im- 
portant resHlls (Jourti. Royal Statist. Soc., vol. Ixi. part iii.) : — 

Table showisq fob New South Wales, 1893-96, the cnadjostrd 
Death-rates per cent, of Childbed for Qdinquennial Oboops 
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0'860 
0634 
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1-.107 

3-347 


0728 
0-439 
0-G08 
0-874 
0-855 
1-132 


1-199 

1-0B5 
0718 
1-038 
0-1 S9 
0-802 



From hi? adjusted figures Mr. Coghlan comes to the conclusion 
that " the risk of unmarried women in childbirth is at every age 
greater than for the married, the disproportion in the ratios being 
greatest at the lower ages." 

N.B. — Mr, Coghlaa employs a graphic method of ai^justmont 
fiiinilar to that described on pp. 246 and 265. 

The loeal ineulenee of puerperal mortality for each county is 
given in the Snppletnenl to the Fifty-jifth Annual Report of the 
Reffistrar-OeneTal, p. Iii. ITie average number of deaths from 
puerperal fever and other accidents of childbirth per 1000 births 
in 1881-90 was 4-7 for England and Wales, varying from 6-7 in 
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North Wales, 6'1 South Wales, and 5-5 Shropshire, I.Ancaeliire, 
.inil Cheshire, to iO in Kent und IWfordahirp, 39 London, 37 
Stiflolk, 3-5 Rutlaiidshin-, and 3-3 in Huntingdonshire. A fallncj 
hirke ill average death-rntee for a disease, such as puerperal fever, 
whieli is much more prevalent in certain years tlian in others. 
(Se,. p. 233.) 

Tubercular Diseases. Thu two following tableo give Uie chief 
figures as to the mortality from tliese diseaaea in England. la 
the first table the corre8|)onding data for diseases of the respiraWiy 
organs (other than phthisis) are given for comparison : — 

Englakd and Walks : Mobwalitc prom Phthisis, oTHsa Tubd- 
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In the following table the facts as to phthisia are clasaiGed 
according to age and sex :^ 

Mortality from Pbthisib in (Irodps of Vbarb, 1961-96, pes 
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-X ihuB appears thiit the death-rato per 1000 at all ages has 
-lined from 2-58 for males ami 2-77 for females to l'i8 for 
tics and 1-14 for females. Tlie accompanying diagram (Fig. 36] 

« decline for a Btill longer period. Between 1838 and 1894 the 
hthUis death-rate had declined from over 3-8 to only 138 per 
OOO inhabitants. The line joining the highest and the loweel 
■flints of the curve (dotted lines) is approximately straight, and 
lOt a hyperbola, thus demonstrating, as pointed out by Dr. Venn, 
hat the rate of diminution is an increasing one. The fall would 
ave been more gradual had the percentage of diminution re- 
lained constant during tlie period under observation. 

From the year 1851 to 1865 the phthisis death-rate was greater 
tnong females than among males, the difference between the two 
Kulually diiuinisliing. Since 1866 the phthisis-rate has been 
niformly in excess among males, and increosingly so. 

The following table shows that while the decrease of mortality 
rom phthisis among males has amounted to 37 per cent., that 
niong females has l»eeii 53 per cent. 

In the same table I have calculated the jwrcentage reduction at 
lach age-group for the two sexes, the comparison l>eing between 
he decenniuin 1851-60 and the quinquennium 1891-95. 

PERCBKTAaE BeDDCTION OF PHTHISIS DkATH-BATE BKTWEEN 
1851-60 AND 1891-95. 
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Ages of Maxiuuu SIobtality i 
(Tlic oge'groups in heavy typo bare thi 

being approxiniBU.) 
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The age of maximuiu phthisis mortality has been postponed ii 
both sexes. This uiay Iw ascribed to a greater saviiig of life at 
those ages formerly most liable to death from phthisis, or to k 
postponement of death in those who are attacked by the diseaso. 
Pi'obably both causes are at work. 

The question arises ns lo bow far the reduction in registered 
mortality from phthisis is real, and how far it is due to mora 
accurate diagnosis and certification of deaths. 

It is possible that, owing to more accurate statemen of cAUses 
of death, there has been considerable transference from phthisis to 
diseases (other than phthisis) of the respiratory oigans. (See table, 
p. 236.) The tenn phthisis is now not so loosely used as formerly, 
when any clironic chest affection received this name. But that 
tills is by no means a complete explanation of the decrease in 
phthisis, is evidenced by the fact chat while the mortality from 
phthisis hns decreased nt all age-groups, the mortality from respi- 
ratory diseases has only increased under S and over 75 years of 
age. Furthermore, the mortedity from phthisis chiefly takes plac« 
between the ages of 15-55 years, while that from respiratory 
diseases is very low during these years, and greatest at the 
extremes of life. 

In the following table I have calculated the reduction at each 
age-group between 1861-70 and 1898 for phthisis and for diseases 
of the respiratory system (exclusive of croup). In this instance 
1896 ia taken rather than the qninquennittni 1891-95, in order 
that the disturbing influence of influenza may be less operative. 
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Percentage Beddction op Dkath-bate at each Age-geoup 
between 1861-70 and 1896. 
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Ncmr. — ^AL] Lha n^ona Kprrseut decreduefl, eicflpt thoso pncAded by 4-. 

In recent years there has been an increasing tendency to register 
deaths aa due to "tuberculosis" or "general tuberculosis, " which 
would formerly have been returned aa phtluBia. The result has 
been some exaggeration of the decline of the phthisis death-rate. 
The same uause has tended to keep up the death-rate from other 
tubercular diseases. Other cauaea have contributed to this effect. 
Many deaths now returned as tubercular meniiigitiB would have 
appeared formerly as "fever" or "brain fever," It is probable 
tliftt more cases of simple meningitis are returned as tubercular 
than the reverse. Again, many deaths formerly returned as 
marasmus, etc, are now ascribed to tabes mesenterica, and many 
more articular and other strumous diseaBes have tiieir tubercular 
character plainly stated than in former years. There is strong 
reason for thinking that many deaths ore now returned as tahea 
mesenterica where an autopsy woidd prove the absence of tuber- 
cular disease. 

The death-rate from tubercular meningitis (acute hydrocephalua) 
was 380 per million in 1880, falling to 233 in 1896. Tabes 
mesenterica (a time-honottred term, probably including certain 
other non-tubercular diseases besides tubercular affections of the 
abdomen and its glands) declined from 403 in 1880 to 214 in 
1896; other forms of tuberculosis increased from 142 in 1880 
to 200 in 1896. In view of the preceding considerations, it is 
probable that the decline in all other tubercular affections than 
phthisis ia greater than the official figures show. 
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Tlie amount of mortality duo to tubercular dlseaaea still »- I 
mains tLpiwUingly great. Thus, duriug 1896, 7'6 per cent, of ] 
the total English mortality waa caused by phthisis, ajid 11*6 , 
c«nL by oil tuberculiir diaeasee together. Taking 15 to 55 as the 
most important working years of life, it is important to note that 
in the same year 26'6 per cent, of the total deaths among males 
at these ages were caused by phthisis, and 38'9 per cent by all 
tubercular diaeasas together. 

The local dietributimi of phtliisis mortality is given in. the 
Supplement to the Fiftjf-fifth Annual Report of the Refjutrar- 
General, part i. p. Ivii. cl eeq., the death-rates being calculated 
per standard million of population, Tims stated the phthisis 
death-rate in 1881-90 was 1724 for England and Wales, tbo 
highoHt Ijeing 2112 North Wales, 3095 Northumberland, 2003 
South Wales, and 2001 London; tlie lowest 1217 Worcestershire, 
130i Heretonlshire, and 1315 Leicestershire. In London, Hamp- 
shire, Sussex, Warwicksliire, Surrey, Middlesex, and Worcester- 
shire the phthisis death-rate of males exceeded that of females 
by proportions varying from 27 to 55 per cent In Soutli Wales, 
Durham, Huntingdonshire, Lincolnshire, North Riding of York- 
shire, Monmouthshire, and Butlandshiro, on the other hand, the 
male rate was from 13 to 21 ]>cr cent, below the female rate. 
The phtliiaifl death-rat« of London for 1881-90 is vitiated as 
regards both inclusion and exclusion by the lack of adjustment 
for deaths occurring in institutions within and without the 
metropolis. Such adjustments will be obtainable for more recent 
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CANCER. The registered mortality from cancer (including 
under this naiiio the various forms of maligDant disease) has 
steadily increased, as shown in the following table : — 

HORTALITT FBOU CaNCBK IN EMaLAMP AUb WaLRB FKE 
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Cancer is a disease of later adult life, aa ia shown hy the 
foUowing table, in which the death-rates per million living at each 
age-period in 1861-70 and in 1896 are compared : — 
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The mortality regigtercd from cancer vtns two and n half limM 
as great among moles and one and three<|uarter timca as gnstt 
among females in 1896 as tliat registered in 1861-70. FUt at 
least of this increase is, however, only apparent, due to the 
improved diagnosis and more careful statement of.caiiSGs of deallL 
This ia shown (1) bj the steady decrease in the numlwr of deaths 
from tumour, abdomiual disease, and other ill-delined forms (rf 
disease; and (2) by the fact that the increase of mortality ham 
cancer is much greater among males tlian among females. (See 
table, p. 241.) 

This greater increase in the mole mortality from cancer is most 
easily understood on the hypothesis that the rise b in great 
measure apparent and due to better diagnosis ; the caaceioos 
atfections of males being internal in a much larger propoitioii 
than those of females. Had the increase been allc^ether loal, it 
is difRcult to understand why it should aficct males so much mora 
than females. 

(3) The system of inquiry on the part of the General Register 
Office, when certificates of a dubious character are received. Was 
the means of increasing the cancer death-rate in 1861-90 by 6 
per milhon. 

(4) Where more accurate statistics are available the increase in 
the cancer death-rate is seen to be on a smaller scale. Ur, 
George King, f.i.a., and the author have shown {Proc. So;/. Soc., 
vol. liv.) that when the national statistics of England, SooUand, 
and Ireland are compared with those of lives insured in the 
Scottish Widows' Fund Life ABSurance Society, the toaalts 
depicted in Fig, 37 are obtained. 

Corrections for age-^istiibution have been made, to lie liereo^M' 
cxplauicd. The importance of these corrections may be gathered 
from the following : — ^^BJ 
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U will bi! uksL'iAdd tliiit liy Ihe uncorrected figures Ireland 
stands a little above England for the lirst two periods, and a 
little below it for the other three, but that no very great 
dilTerence appears between the rates for the two countriea. The 
correcteii figures, however, show that Irelatid stands below Enghuid 
throughout, so that in the fu'st two periods the position of the 
countries is reversed by tlie correcUon, and in the last three 
periods the difference in favour of Ireland is very, great indeed. 
It is evident that the ordinary method of presenting the statistics 
exaggerates the rate of eanccr in Ireland as compared with 
Knglnnd, a result which might have been expected, ovdng to the 
age-distribution of the populations of the two countries. 

The comparative immunity from cancer shown by the Irtah 
curves is probably caused, in part at least, by dcficiendos of 
diagnosis and certification, associated with the spaisity of popula- 
tion and poverty of that country- For our present purpose the 
maio interest of Fig. 37 lies in tlie Scottish Widows' curve. 
This has the easiest gradient of all, strongly confirming the view 
that the apparent increase of cancer mortality is caused by 
increased accuracy in diagnosis and certification. The policy 
holders in tlie Scottish Widows' Office are presumably well-to-do 
and able to secure on the whole better medical attendance than 
the mass of the people, and their death-returns consequently show 
to a less extent tlie effect of increased accuracy of diagnosis and 

Another reason for thinking that the apparent increase in 
cancer ia at any rate mostly due to improved diagnosis is derived 
from a compai'ison of the curves for males and females respectively. 
It will be noticed that the curves for females are always the 
higher, and that in each pair of curves the difference is practically 
constant throughout the entire period. iNow, if there were a 
real increase of cancer, there is no sufi^cient ground for tliinking 
that this would be confined to any one set of organs of the body, 
or would affect one sex more than another ; and in sucit case tlie 
difference between the cancer in males and females would be a 
poi'centnge of the total, and would increose at the same rate as 
the curves themselves rise, and consequently tlie curves for males 
and females would tend to widen their distance apart. This, 
however, is not so. In each of the three pairs the curves for 
males and females do not diverge, hut, if anything, tend to 
approximate. 

It may he urged that, notwithstanding what has been said 




MORTALITY FROM CANCER. 



245 



above, cancer may have increaaei! more in certain parte of tbe 
body tlmn in otliei^, ami thnt, ultboiigh it liaa reaUy increased in 
both sexes, it bos increa§ed in sncli greater proportion among 
nifties, that the curves for- the two aexea remain parallel. This 
view, however, is contradicted by the Frankfort statistics given in 
the same paper. It ia not necessary to reproduce these figures 
here. Briefly they show that when cancer dcatlis in that city are 
classified, as their very complete character eiuiblea them to be, 
into acco-ssible, inocoisaible, and cancer of undefineil position, 
hetwenn 1S60 and 18H!) thei-e Las 1>cen no increase in the 
mortality from the cancer aHectlng positions in which it is easUy 
acceaaible and detected. 

From the above and other considerations which cannot be 
detailed here, Mr. King and the author arrived at the conclusion 
that the evidence of increase in cancer-mortality is altogether 
insulficient, and that snch increase has probably not occurred. 
The increase is, in other words, only a]iparen^ being due to 
improvement in diagnosis and more careful certification of the 
causea of death. 

A recent writer has oilvaoced the theory that the higher 
mortality from cancer is caused by the gi'eater number of eui^ 
vivois to what may be called the cnncer-ages. This explanation 
implies a mental confusion between deaths and death-rates. When 
the death-rates at each group of agea, aa on p. 241, are given, 
this point does not arise ; and when the death-rate is stated more 
generally, correction can bo made by applying the death-rate at 
different age-groujta to a standard population (as on p. 173), thus 
eliminating entirely the question of a larger number of survivors 
to higher ages. The statement that the decrease in the mortality 
from phthisis involves an increased mortality from cancer, implies 
the same mental confusion between mortality and rate of mortality. 
A method of applying this correction was described by Mr. King 
and the author in 1893 (op. cif.). The standard population taken 
by them was that of the English Life-Table, No. 3, Persons, viz. ; — 

PopolltlOD. 

2S0,2C9 
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The death-ratea in the populations to be contTastcd having b 
obtained for ibe age-groups 35-35, 36-45, etc, they were e&Al ' 
multiplied into the populations of the alxive table. The s 
the products for any particular period- of years gave the Qumbei 
of deaths from cancer per annum among one million persons aged 
25 and upwards. Then, by compariog the same foi 
period 1860-66 with that for the period 1881-87, we a 
vliioh direction the apparent death-rate from cancer it 
By adopting this course in each instance, the observatioBS f 
the different localities and all the different periods of j 
reduced to one common stanilard, and the errors are el 
which would arise from variations in the age-distributioa ( 
population. 

It may be interesting at this point briefly to dflaCaib^l 
method by which the mean cancer death-rates for seriee o( j 
were changed into figures for single years. This mi^ht 1 
been accomplished by the application of analytical pK 
The method adopted was an application of the gmpliicat i 
of constructing life-tables. (See p. 265.) 

As showing the application of tlie method to the i 
inquiry. Fig. 38, relating to England and Wales, is giv< 
which a very few words of explanation will sufiice. Alone H| 
abscissa axis are marked oft equal lengtlis to represent Enok^ 
the periods of seven years under review, with a poitiiHi I 
proportionate length for the three years 1888-90; and aliHU " 
ordinate axis the rates of mortality per million are marked 
Eectangtes are then erected, the areas of which are to repi 
the number of deaths from cancer in each of the septe. 
periods. Thus the area of the rectangle for the .teptoni 
1860-66 is 4375 for males, as its base is seven and its altitt 
625. Similarly for the other rectangles. 

Through the tups of the rectangles a continuous curve is tfa 
drawn in such a way that the area cut olf is exactly equal to ^ 
the area added. The length of the ordinate of the curve, which 
is centru! to any particular ye«r, will then give the deaths from 
cancer in that year; and the acciuwjy of the drawing of the 
curve will be proved, if there be no sudden cliange of direc- 
tion, and if the sum of the numbers for the seven yeois of a 
septennium la equal to the area of the rectangle for that sept- 
ennium. Fig. 38 shows the curves for England and Wales, that 
for males being an unbroken line, and that for females a dotted 
line. Similar curves were prepared for all the observations, and 
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theae are collected in Fig. 37, bo that they may be easily com- 
pared. 

In the Supplement to the Fifty-fifth Annual Rejiorl of the 
Registi-af-General (p. liiL el set/.) are given the results of the 




allowing how ihc Cancer Dcatli-nili; lot lyich jear is obtainoil from the Mean 
Cancer Death .rute for Septan Dial -periods. 

calculation of the distribution of cancer mortality in the different 
Engliah counties in terms of a atandard million of population 
over 35 years of age. The result is some striking alterations 
of cancer death-rates. Thus, after such a correction has been 
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made, the cancer mortality of Uuntlngdonshiie is to that of 
Durham as 127 only to 100, while the crude-mte at all agas 
is aa 206 to 100. Sliuilarly the dltTereticc between the cnide- 
ratea of Cornwall aud London ia only about 2 per cent., that 
of their corrected rates 38 per cent. 

The local dlstribntion of cancer in England and Wales in 
1881-90, calculated hy the cotroctpd method indicated abovi;, 
ia given on p. Iv. of thi' lost decennial supplomcnL The average 
annual deat^^rate of a standard million, above 35 years of age, 
in England and Wales was 1844. The highest cancer deaUi- 
rates were London, 2250; Huntingdonshire, 3157; Cambridge- 
ehire, 2013; Sussex, 1999; Warwickshire, 1976; the lowest, 
Monmouthshire, 1574; Dorsetshire and Buckingliamshire, 1578; 
Derbyshire, 1597; Wiltshire, 1604; and Cornwall, 1630. The 
high corrected cancer death-rate of London, like that from 
phthisis, is largely due to the presence of hospitals for the 
special treatment of these diseases. The above correction, it 
will be noted, is for variations of age-diatribution, not for the 
presence of hMpitala attracting imtients from other districts. 

Heredity in Cancer, The fact that several membets in suc- 
cessive generations of a given family have died from cancer is 
commonly accepted as proof that the disease ia hereditary. This 
is far from lieing the case. Cancer causes a certain average 
number of deaths among a given number of peisons. The 
death-rate from cancer, as will be seen from the table on p. 241, 
is insignificant until the age of 35 ia reached, rapidly increasing 
at each higher age-penod. On the basis of the national figures 
for 1887-89, one out of twenty-one men and one out of twelve 
women, who reach the age of 35, die eventually of cancerous 
disease. {Fifty-aeeoiul Annual Rejxirt of the Regigfrar-General, 
1889, p. xiv.) For the following remarks on this important 
point, I am indebted to Mr. G. King, p.i.a. Given a certain 
probability of death from cancer, and knowing the number of 
a family, it is easy to calculate the probability of one, two, or 
more of them dying of cancer quite independently of heredity. 
Even if heredity were proved to be absolutely inoperative, it is 
certain that there would be families among whom numerous 
deaths from cancer would occur. It does not prove heredity 
to show that in one family, five deaths, say, occurred from 
cancer. This might happen from mere chance, and in fact 
such cases must occur without heredity at alL Do Moi^an 




MORTALITY FROM DIABETES, ETC. 



249 



worked out t}ie probability of 1000 . 
throwu in tossing a coin, nnd lie showed that given a sufficient 
number of people starting to toss coins, it was a certainty thab 
at least one of them would toss 1000 consecutive heads, So, 
given a Bufficient number of families, it ia a certainty, even if 
there be no ouch thing as liereiiity, that of at leaat one family. 
Bay tcii members will die of cancer. The only absolut* proof 
of heredity would \ie to show that oincer occurred frequendy in 
cortoin familiee, and practically nowhere else ; short of this the 
probability of heredity of cancer would he increased if it could 
be shown that cancer was much more common in certain families 
than in the average for tlie whole community, due allowance 
being maile for variations in age and sex-distribution. 

Di&betefl. The registered death-rate from diabetes mellittis has 
steadily inci'eased during the lost twenty years. lu 1895 it was 
75, and in 1896 it was 74 per milliou, as comjmred with 41 
in 1877. The death-rate for males in 1896 was 83, and for' 
females, 66 per miliion. 

Much of this apparent increase is doubtless due to greater core 
in diagnosis and in certilication ; but it ia also suggested that, 
there has been a real increase due to the Increased mental atralni 
and worry of modem life, a similar exphination being given for 
the restored increase of chronic renal disease. 

The question as to whether there has been any real increase 
must atUl he left undecided. The disease is chiefly fatal after 
the twenty-fifth year of life, In 1881-90, the death-rates among 
males at the age-porioda 4B-55, 55-65, 65-75, and 75 and 
upwards were equal to 134, 282, 397, and 314 per million living, 
as compared with 96, 181, 247, and 172 in 1871-80. 

The mean annual mortality from diabetes in England and 
Wales is stated in the Eei/ufrar-GeneroTe Forfy-eiijhth Annwd 
Report, 188S, to be 26 per cent, above that of Scotland, and 40 
per cent, above that of Ireland. This is in accord with the 
distribution of diabetic mortality as shown in the same report, 
which appears to show a remarkable inverse relation between 
I. the amount of diabetes and the amount of rainfall. 

Dietetic Diseases. These ore deaths from deficiency of diet 
(scurvy, starvation, want of breast-milk) and intemperance, em- 
bracing chronic alcoholism and delirium tremens. In 1896, these 
diseases gave a registered death-rate of 80 per million hving, 68 
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of vhich waa attrilnitiKl to intemperance. The deatlis returned 
under this head are, however, not trustworthy ; alcoholiBin causes 
in reality tin enormously greater mortality than is ascribed to it 

In 1861—65, the mean dealh-rate registered as caused by intem- 
perance was 42 per million. It steadily increased, in 1891-95 
reaching 68 per million. This increase is almost certainly due 
to more correct certiiication of deaths. 

One of the commonest diseasM due to alcoholism is eirrTtosis of 
tJie liver: and as this ia the chief cause of mortality under the 
heading' "liver diseases and ascites," the latter may be taken as s 
fairly correct index of the amount of alcoholic excess in England 
and Wales. 

Ahnual Death-rate per Million Pbbsons Livisn from Diseases 

or THE Liver and Ascftes. 
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It will be seen that the mortality from liver diseases h^been 
declining for some years, and this coincides with what ia known 
of the improved alcoholic habits of the community. Here, agiun, 
difficulty arises when an attempt is made to subdivide liver 
diseases. Thus the death-rate per million aecribed to cirrhosis 
among males has increased from forty-three in 1861-70 to 140 in 
1881-90; that ascribed to ascites has docreosed from twenty-six 
to nine, and that from other liver diseases has decreased from 366 
to 210. It is probable, on the whole, that there has been a 
decline in alcoholism and its consequences, notwithstanding the 
roistered increase in cirrhosis of the liver. 

DsTelopmental Diseases. Tlie following table sbowa tliat the 

death-rate from premature birth and from congenital defects has 
steadily increased, being higher in 1896 than in any previous 
year. The beat way to estimate the number of deatlis resulting 
from preiuature birth and from congenital defects is in proportion 
to the iolal number of Hrlkf, as in the following table. By this 
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The total infantile mortality in 189G was 148, and in tlie ten 
years 1886-95 it also averaged 148 per 1000 biitlis. It may be 
surmised that as the infantile mortality from all causes together 
has not increased, part of the increased mortality from premnture 
birth is only apparent, and due to transference from other headings. 
Some influence may also he ascribed to the markedly increased 
employment of women in industrial occupations. 

The above table shows a foiling off in the death-rate from o/i/ 
arje. If this were a real falling off, it would not be an indis- 
putable advantage, as most people would prefer to die of old age. 
The decline under this head is, however, chiefly due to au improved 
specification of the causes of which the old tlie. The mortality 
from " old age " is always higher in cold seasons, cold being the 
special enemy of the old, oa heat is of the young. 

DiEeases of the NerrouB S^Btem show a death-rate per million 
of 1546 in 1861-65, and of 1600 in 1891-95, the highest being 
1808 in 1881-85. Coavulelons as a cause of death are properly 
not included in tlie above, the death-rate ascribed to this cause 
having declined from 1258 in 1861-66 to 688 in 1891-95. 
Diseases of the Circulatory STStem have increased in registered 
mortality from 997 per million in 1861-65 to 1677 in 1891-95. 

Much of this increase is probably due to transference from such 
headings as debility, old age, and the like, an assumption wliich is 
supported by the fact that the main increase is in the later age- 
periods. Thus at the age-period 75 and upwards the death-rate 
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per million from these diseases has increased from 
1861-70 to 18,864 in 1881-90, while at the age-period 25-35 the 
increase is only from 1019 to 1345. Some of the increase is also 
posBibly due to the institution of letters of inquiry from the 
Genend Kegister Office when " dropsy " was returned as the cause 
of death. Whether there is any real increase not explained hy 
the preceding ur siinilar considerations is still dubiou ~ 

Uriiur; Diseases caused a death-rate per million living^ 
453 in 1891-95, as compared with 246 in l(>61-65. We 1 ' 
also to bear in mind the diminution under the heading "dropi 
in connection with the registered increase under tlus hea " 
The uncertain amount of allowance for transference of i" 
(due to better diagnosis or more careful certification] is a stumbi 
block at every step. The weighty remarks of the 
General on this point may be quoted: "To be without ( 
worthy means of comjiarison ie doubtless an evil, but to igi 
the dilTerences and to deal with the records as thoroughly relii 
would I>e still worse, for it ia far better to be without statiatj 
at nil, than to be misled by false ones." 

Tiolence. The following table sliows the death-rate &om tite 
various forms of violence in successive yeai>periods. 



Mean Ankkal Death -b 



t Million Livino fboh VioLvxa 





— 


ISW-TO. 


lS7)-Tfl. 


i«js-m. 


issi-ss. 


i88»-egL 


H 


Accident and 1 


680 


fl78 


871 


630 


E80 


6U 


GU 




19 


19 




14 








Suicide . . 


65 


es 


SB 


74 


76 


79 


M 


Kxocution . 


0-8 


0-4 


0-4 


1-0 


0-4 


"■" 


0'< 



The death-rate from violence is much greater in the male a 

Thus in 1881-90 it averaged 968 among males, and 347 among 
females. The excess among males is not solely due to occupational 
dangers, as it is seen in the first five years of life, in which the 
death-rates per million in the two sexes are 1266 and 1019 rO'^ 
spectively. The death-rate from accident has g 
but suicide is on the increase. 



as gradually declined^H 
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The relative incidence of the various forms of accident or 
negligence in the two sexes can be gathered from the following 
figures for 1896 : — 

Death-ratb per Million Living op each Sex from Accident 

OR NsaLIQENCE, 1896. 



In Mines and Quarries . 

Vehicles and Horses .... 
Shii>s, Boats, and Docks (not Drowning) 
Building Oj)erations .... 

Macliinery 

Weapons and Implements . 
Burns and Scalds .... 
Poisons, Poisonous Vapours 
Drowning ..... 

Suffocation ..... 
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Weather Agencies .... 
Otherwise, or not stated 

Total 
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The proportion "of the different forms of suicide in the two 
sexes can be gathered from the following table, which deals with 
actual deaths not death-rates in England during 1896 : — 



Vehicles and Horses 

(a) Railways 

(b) Vehicles other than railways 
Wea|K)ns and Implements 
Bums, Scalds, and Ex])losives 
Poisons and Poisonous Vapours 
Drowning .... 
Sutfdcation .... 

Falls 

Otherwise, or not stated 

Total 



Deaths from Suicide, 1896. 



Males. 



94 

8 

551 

2 

279 

347 

602 

49 

52 



1979 



Females. 



14 

78 

3 

193 

207 

139 

20 

28 



677 
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The poison most commonly employed for suicidal purposes is 
carbolic acid, 88 and 75 in the two sexes, next opium and its 
derivatives (39 and 17), then prussic acid among males (24), and 
stryclinia among females (12). Nearly all the deaths from 
suffocation arc by means of hanging. 

Suicide in different countries. According to figures published 
by Bertillon,* suicides are most frequent in Saxony, Denmark, 
and Switzerland, as shown in the following table : — 

Number of Annual 

Soicidra per M illicw 

Inhabitants. 

392 

251 

239 

198 

189 

190 

166 

100 

92 

75 

69 

49 

17 





Period of 




Observation. 


Saxony . . . . 


1878-82 .. 


Denmark . . . . 


. 1880-82 .. 


Switzerland 


1878-82 .. 


Baden . . . . 


1878-82 .. 


Wurtcmburg . 


. 1877-81 .. 


France . . . . 


1878-82 .. 


Prussia . . . . 


1878-82 .. 


Belgium . . . . 


1878-82 .. 


Sweden . 


. 1878-82 .. 


England and Wales . 


1878-82 .. 


Norway . 


1878-82 .. 


Scotland . 


. 1877-81 .. 


Ireland 


. 1878-82 .. 


♦C 


(p. cit,, p. 119. 
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LIFE-TABLES. 



LIFE-TABLES afford an accurate means of menauring the 
probabilities of lifo and deatU. They represent " a genera- 
tion of iudividuals passing through time," the data on which 
they are founded being the number and ages of the living, and 
the number and ages of tlie dying. Dr. Farr calls the life- 
tftble a biometer, and speaks of it ae of equal importance, in all 
inquiries connected with human life or sauitary improvements, 
with the barometer or thermometer and similar inGtrumeiits 
employed in physical research. It is the keystone or pivot on 
which life assurance hinges, converting it from a mere lottery 
into an accurate science. 

Addison, in Ids "Vision of Mirza," possibly writing with 
Ilalley's graduated Life-Table before him, gives the foUowing 
allegory : — 

"The bridge tUou aeest, said he, is Hutaan Lift; consider it 
attentively. Upon a more leisurely eiirvey of it, I foimd that it 
consisted uf threaKorc and ten entire arehet, with several broken arches, 
which, added to those that were entire, made up the number about an 
hundred. As 1 was counting ihe arches, the Oenius told me that this 
bridge consisted at fii'st of a thoumnd areltas; but that a great flood 
swept away the rest, and left the bridge in the ruinous condition 1 
now beheld it. Hut tell me further, said he, what thou discoverest 
on it. 1' see multitudes of people passing over it, said 1, and a black 
cloud lianging on each end of it. As 1 looked more attentively, 1 
saw several of the passengers dropping through the bridge into the 
great tide that flowed underneath it : and upon further examination 
jierceived that there were innumerable trap-doors that lay concealed 
m the bridge which the passengers no sooner trod upon, but they fell 
through theui into the tide, and imiucdiatcly disapiieared. These 
hidden pit-falls were set very thick at the entrance of the bridge, so 
that throngs of people no sooner break through the cloud, hut many of 
them fell into them. They crew thinner tovxinU tht middU, but 
inltiplied and laid closer together towards the end of the arches that 
2SS 
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w*r»: rii.:ir*r. Ta^rr w^n, ind'iKtif *Gtzit ponces. Ic: ch^dzr iiizmber 
sw/c*:^-^ b'l: f<;II throo^ cn^ &fLex ano€h«r. being qoite tired and ^kbi 

ThL^ graphic nAiTa:i'>Ei of the ^ hidden pit-falls az>l tr^Hloois,'' 
and th*- '" Kr..ken archr*," wLioh beset the cn^atse of himuui life, 
illa^trat^ with \f(Aniirzl sinLplicitv the facts contained in thk and 
th*: next three chapters. 

Defcription of Life-TkUe. The essential portions of a life- 
table are the numr^r and ages of the living azid the rnnnber and 

a^^;.* of the dyinjr. 

1 1 ; Sup^jose that we coali ohaerre a million children, all bom 
at tlie .same moment, and follow them tim:<aghoat life, entering 
in a column the number who remain alive at the end of each 
iiucc'A^ive year until all have died. This o^lumn is headed by 
the ftVifiV^l /, ; where /, represents the number who reach the 
preci.-e ajre >•. 

In the .-ecoii'l column we recorl the numbier dying before the 
completion of each year o{ life. Thus the number who die 
li^ifor^; reachin;;,' the first anniversary are placed oppiosite the age 
in the table, and so on. In this way we obtain the column 
liea'Ied '/, ; when; '/, represents the number out of /, persons 
attainin;; the [»rf'cis^.* a^e jr, who die before reaching the age 
w-^ \. It is eviden:, therefore, that — 

i.e., the numljer dying Ijetween the ages x and jr+1 is equal 
to the difFerence between the numbers living at the ages x and 
a:+ 1. 

In f practice it is not possible to obser>*e a body of children 
throughout life in the precise manner indicated, so that other 
nieth^xls must be resorted to. 

(2) It is not necessary to assume, as in the preceding case, 
that all the fK?rsons ol)scrved have ])een Iwm at the same time. 
If we could trace any million children throughout life, however 
various nii^ht ltd the dates of their births, a life-table might be 
Kimilarly constructed, if the numlx^rs living and dying during 
cAU^h year of life were known. 

Our national records do not lend themselves to either of these 
metlKKlfl, but the Institute of Actuaries H.^- (Healthy Males) 
Table, which is used by the best assurance societies in this 
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country as the basis of theii calculations, is partially based on the 
second method; being constructed from the results of watching 
a liirge number of insured Uvea from the time of their insurance 
to death. 

(3) Without tracing the history of individuals through life, 
we miiy, by taking a complete census of the population, distributed 
according to age and sex, obtain data for forming the column 
l^ Similarly from the annual death-returns, we obtain the 
number dying during each year of life in a given year, and thus 
fonn the column d^ 

The metlioda by which the other necessary columns of a life- 
table are derived from these two fundamental colum.ns will be 
described shortly. 

(4) The method usuaUy adopted in constructing a life-toblo is 
II modification of the lost. The mortality experience of a single 
year may be exceptional in character. For this reason the number 
of persons dying within a longer period, e.ij,, in the decennium 
1881-90, and their ages at death are observed. In the same way 
the population out of w)iicb these deaths occurred is ascertained 
by calculation from a single census, or by combining the resulte of 
two census enumerations, as described hereafter. It ts assumed 
that the rate of mortality (i.e., the number of deaths per unit of 
poptUaiion) for any age of life thus obtained wiU be applicable to 
other persons out of a given number started with at birth, as tliey 
successively attain the age in question. By this means results ore 
obtained which, being wholly baaed on recent observations, are 
more correct, as indicating the present conditions affecting the 
duration of life, than if a million persons were watched from 
birth to death ; for, in the latt«r case, the conditions which de- 
termined the rate of mortality might, before the series was available, 
have undergone great changes, and for practical purposes the table 
be almost valueless. 

Dr. Farr's English Life-Table, No. 3, was based on the regis- 
tered deaths in England and Wales during the seventeen years 
1838-54, and on the two census enuraemtions of population in 
1841 and 1851. Dr. Ogle's Life-Table is based on the mean popu- 
lation of Emgland and Wales of the dccenniujn 1871-80, and on 
the total deaths during the same decennium, and Dr. Tatham's 
Life-Table on the corresponding figures for 1881-90. 

Method of Oonstnction of Life-Table. It is evident that the 
deatlis in a population, during any stated year, do not occur 
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eimultaiieouely either at the begianiiig or the end of the year, but 
are diatributed throughout its course. It is also evideat that lh« 
deatlis regiatered at any age x will not bnve occurred at the precbe 
age X, but eome will havo just attained tho age x, whilst others 
will have been close on x+\. Now it \n assumed, in the usual 
method of uorutructiiig a life-tiible, that the deutba at age x 
oucur at equal intervals throughout the ensuing year, an assamptioB 
the error of which is itifinitosimal, except for tlie first two yean 
of life. 

We have seen that /. in the life-table is the number who, out 
of a given number born, attain tlie precise age x. The number 
^,, represents the number surviving to the end of their tenth year 
out of a given number I, at birth. But in a population situated 
as just described, persons will be found whose ages are of various 
intermediate periods between x and /■+ 1, or in the instance taken, 
between ten and eleven yoara. If, howevnr, we assume the deaths 
to bo equally distributed throughout the year, the number who 
attain its middle will be tlie nrithmetical mean of those com- , 
meiicing the year and those completing it. Thus ; — 

'.«-».+'«,)■ 

The number who attain the middle of the tenth year of life 
is lioi = J('io + Ui)- The mean population thus obtained is denoted 
by P.* and the deaths extracted from the registers by tl^ 

If now wo divide the deaths registered at any year of a^ (il,) 
by the moan population found existing at that year of age {P,\ 
we shall ascertain the rate at which the population is dying in the 
centre of that year of age. Thus we have t — 
,/, 
p- = Wi where iii^ = rate of mortabty per unit of population, t 

We have already stated that the life-table emibles us to 
measure the probabilities of life and of death ; and, conversely, 
having given these probabilities, we can construct the life-table. 
We must first, however, see how these probaliilities may he 
calculated from the rate of mortality (m,) dready obtained. 

* It ia kDown aa L,\n actnarial works. The above ts Dr. Fkrr's notation. 

+ TliD ratio of deatlis to mean popnlation, or m^ bu been called by Fur 
the rate of mortality, aad we follow bia notation and svitem ; but actiunal 
writers reserve tbe name rale of moiiality for tbe probability of dying within 
a year (q,). The name ixnlral dtalK-nUe has been gif on bjt Iheae writen to 
fii,, I'GcauBo it ropresenta the rate at trhjoh people are dying in th» ettitrt of 
the year a; toic + 1. 
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, [Now the probability of an event occurring is represented by a 
iction whose denominator if the niimlier of possible events, and 
If the number of favourable events. Thus, if _ there are 
^[lit balls in a bag, of which three are black Hiid ^ve white, the 
nhability of drawing a white Itall is found as follows. The number 
f possible drawings is eight, inasmuch as any one of the balls may 
B drawn, but only five of these would be favourable. Hence the 
robability=g. 

I The prolxkhdity of drawing a blai^k Iiall = 1 - J = §. 
f Beverting now to the symbols and conditions of the life-table, 
t ii = number of persons living at the beginninB of the year r- 
I whom li-n survive to the end of the year. The probability of 

kyone living to the end of the year is therefore -j— ; and inasmuch 
t dt die during the year, the probability of anyone dying during 
.ye.ri.4. 

If we indicate by pr the probability that a person of the precise 
e X will 8ur\-ive one full year, and by jj the jirobability that the 



Thus the probability ot ] 
living through one year J 



number of survivors at end of year 
~ number living at bE^inning of year 



"This may be espanded into 

On the asauniption of a uniform distribution of deaths, the 'mean 
population' of the year is obtained by deducting one half ot the 
deaths occurring in the ensuing year from the precise number living 






- 4 rfi, which may also be written J {Ix+li+i) 
population for the year, which is denoted by (i+(. 



Dividing each term by Ix+i, we obtain^ 




" It+i mt'an population aX age s' 
i.f., the rate jwr unit at which ^ojile ate dying in the middle of the 
year of age i: lo s + \ ; and this le the saaie rate aa that previouslj 
arrived at by dividing the rf« of the deaih-r^gisters by the p, 
tained by enumerating the population.") Ueuce we have — 



By thia formula a very simple relation is found to exist between 
the probabilitiep of life and tlie rate- of mortality. Having, from 
tUc census rettirns and the death registers, obttujied the ratio 
m. for all values of x {i.e., all ages), we am by the above forrauli 
find p„ and thenw we can, by continued niulttplicatjoa, constnicl 
the life-table. 

Tliia method may lie mode clearer by an esample. The entry 
in the m, column is obtained by dividing the deatlis during tht 
year by the mean population. From the entry in this column p„ 
or the probability of living one year, is obtained by the fonuob 
p^ = f. Thus at birth the probability of a male living one 

year is, by Farr-s English Life-Table, |^|?-?| = -83212, and for 

each year in the series the probability of living one ytn b 
obtained in the same way.* 

The next column (I.) is obtained by multiplying the number 
living at tlie immediately preceding year by p^ Thus, starting 
with 511,745 males at birth, the number Uving at the end of 
one year is obtained by multiplying the probability of sur\-iving 
to the end of the first year by this number {li = lii '^I'l) 
511745xS3212 = 425358-6. 

• ThoBo two Btepa ctu be ootnliined, and much Ubour saved by tt* 
following motliod : — 

Since m,==5. (-»> and 



Tlierefore by substitutiEg from (a) 
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Tills process is sliort«neil by logarithms as follows;— 
Log. 51l745=p7085692 
Log. ■83213 = 1-9201860 

Log. of product of these two = 5*6287552 
Therefore product = 426358'6 

The next column in the Ute-tahle ia one showing the mean 
number living in each year of life (i\). It is directly derived 
from the I, column. Thus the mean number living in the 

twenty-first year = -^'^-s-^- 

The next column iu the table is known oa the Q, column. 
The number opposite any age in this column ia the sum of all 
the numbers in the P, column from that age to the end of iho 
table, i.e., until all the lives become extinct ; and it shows, there- 
fore, the aggregrate number of years which the persona at each, 
^e in the table will live. 

where 3; -f- n = the last age mentioned in the life-table.. 
From the column^ (Q,), and the /. column, the moan future 
lifetime (expectation of life) of auy person can bo obtained by 

the formula E„ or e', = —f. 



In the preceding remarks it has been ossumeil that the popula- 
tion and the deaths at each individual age are known. In prautice 
this is not the case. The census reports and the annual death- 
retnma state the population and deaths in groups of ages. Even 
it the numlier living and dying during each year of life were 
given, the numbers would probably, from imperfections in the 
returns, be less accurate than those obtained by interpolation, 
effected either by mathematical calculation or by the graphic 
method to be shortly described. Tlie graphic method is not 
applicable to the first live years of life, for which a sjjecial plan of 
interpolation described in the foUowing example is required. 

Details of CottBtmction of Life-Table. In the following 
description the figures used in ttie life-table for Brighton are 

Kffiuployed as an exam;jie. 



i 
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Methoil of ascertaining Poptdation and Deaths for each Tear 
of Age, — In the construction of a life-table we must have an 
accurate statement of 

(1) The population for each year of age ; and 

(2) The number of deaths at each year of age occomng during 
the corresponding year in each sex, in order to ascertain the death- 
rate holding good for each year of life. 

These data not being supplied in full for each year either for 
population or deaths, the means for interpolating the conect 
figures for each year of life from the figures furnished in the 
following table must be first given. 



Popalation of the Parliamentary Borough of Brighton. 


Deaths in the Fsrlla- 
mentary Borough of 


Age. 


Census, 1881. 


1 
Census, 1891. | 

1 


Brighton, Jan. Ist, 1881, 
to Dee. Slat, 1890. 


Males. ' Females. 


Males. 


Females. ' 


I Males. 

1 


Femalea. 


0- . 


7233 7374 


7046 


7051 ! 


4669 


8800 


5- . 


6653 6435 


7137 


7169 i 


333 


801 


10- . 


6158 6473 


6829 


7300 


' 149 


174 


15- . 


5258 1 8069 


5882 


8600 1 


229 


243 


20- . 


5158 1 8028 


4967 


9038 , 


! 256 


292 


25- . 


8471 ; 12291 


9142 


13894 < 


; 678 


709 


35- . 


6260 8889 


7308 


10411 1 


! 872 


866 


45- . 


4557 1 6698 


5335 


7765 1 


: 1040 


1084 


65- . 


3174 1 4819 


3574 


6448 > 


1104 


1248 


65- . 


1645 ! 2807 


2254 


8461 1 


1 1285 


1677 


75- . 


663 1 1041 


778 


1291 i 


946 


1416 


85- . 


76 ! 118 


85 


221 ; 


261 


413 


95- . 


3 4 

1 


4 


6 i 


i 7 


22 


Total all 
Ages 


55309 73041 


60341 


81629 


1 11678 

1 

1 


12090 


128350 


141970 



(1) To ascertain the total number of lives at risk at each group 
of ages during the decade 1881-90, — We must first ascertain the 
central population in each group by adjusting the figures in the 
above table to June 30th (the census being taken at the end of 
the first quarter of the year). 

The formula is Q' = P /?* where Q' = central population required ; 
P=s census population; and i2 = population resulting per unit per 
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R is first found from tliB formula Cl = PR^'>, ; 



Value op H for i 



iiMhK 


F«™i«. 1 






VJue of R 




Vmue of It 




At*. 




Agt-perlod. 




Ag»-perlod 


Agt 


0- 


7046 = 7-233 ^'' 


■08738 


7061 = 7374 £" 


■09668 


0- 


6- 


7137 = 8653 A" 


1-00705 


7168= 6435 ff" 


roioe 


6- 


10- 


6828 = 6168 Ji"* 


1-01040 


7300- 6473 Ji" 


1-0121 


10- 


35- 


58S2-5268AI'' 


1-01128 


8000- 8009 H" 


1 '0064 




30- 


4Sfl7 = 6]B8Ji» 


■B9fi23 


9038= 8023 R" 


1-0120 


20- 


25- 


BUa = 8471 Ji» 


1-00765 


1 18894-12291^" 


1-0128 


26- 


3G- 


7308-8260 n" 


1-01560 


10411- 8839 Ji'° 


10169 


36- 


4S- 


6335 = 4667 If" 


1-01590 


7755= 6898 iC" 


1-0148 


46- 




8574 = 3174 A" 


1-12600 


6443= 4819 S" 


1-0123 


65- 


«&- 


2264 = 1846 «" 


1-03200 


3451- 2807 fl'" 


1-0209 


66- 


76- 


778- 683 fi" 


1-01910 


1291- 1041 R" 


1-0217 




86- 


89= 79 Ji" 


1 -01200 


226= 122 Ji" 


1-0638 


86- 



Next we find Q' the central population from Q'^-PR^ where 
P is the census population and Ji is given in the above table. 
■^"^■^ «' = 7233(-99738)t 

log. 7233 = 3-859318 
ilog. -99738= 1-999716 
log. Q' = 3-85903i 
,*, Q =7228 = eentral male population, 1881, aged 0-5. 
The central populations for each census year thus obtained are 
a« followB : — 



1881. 


1S91. 1 


Ago. 


Mslei., 


F.m.lM. 


MmlM. 


F.«..«. 


Ags. 


0- . 


7228 






7043 


0- 


fi- 






6665 


6452 


7150 


7188 


B- 


10- 






6174 


6492 


6847 


7322 


10- 


15- 






6273 


8082 


6BB8 


8613 


I&- 


20- 






5153 


8047 


486! 




20- 


26- 






8487 


12328 


1 9169 


13938 


25- 


86- 






6284 


S9'J4 


7336 


10452 


36- 


45- 






4575 


8724 


6356 


7783 


46- 








3184 




3685 


5459 


65- 












2272 


3489 


66- 


75- 






668 


1046 


781 


1298 


75- 


B6- 






79 


124 


89 


229 


86- 
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the two 
;he total I 



Having now aacertained the central population for the t 
census years 1881 and 1891, we proceed b) ascertain the tc 
population for tLe ten years 1881-90, i.e., the total number of 
lives subjected to a year's risk of death during this period. 

The method by which the value of It has been calculated for 
each age-period is sufliciently indicated in the table p. S63. 
In calculatbg the total population for tlio yean 1881-90, t,^,, 
the total number of lives at risk in the period embraced by 
life-table, the following method has been adopted. Eraployiuy 
the notolion already explained, the population for each year of the 
decade would be denoted by P, PB, PIP, etc. . . . I'IP. These 
amounts give the terms of a geometric series, of wliich the firat 
term is P and common ratio is H. Hence the total population for 
the decade is the sum of this series, P + PII+ PIP + etc.+Pff, 

the usual formula for which givea a sum to ten terms = P^o — i 
PIP" - P Population, 1891 -Population, 1881 
M~l annual increase per unit 

By means of this formula the total lives at risk can be 
ascertained. The number nt risk at each age<period can be 
ascertained either (o) by applying the same methcKl to each age- 
period, or (6) the method described on page 281 may be adopted. 
Thus in the third age-period the male population for 1891 = 
6847, and for 1881=6174. The difference is 673. Also for 
that period ^=1-0104. 

Therefore total population = -j~-— = 64,712. A similar colctda- 

tion gives us the results contained in the following table for the 
other age-periods. 

It is plain that when It is less than unity, the population for 
1891 wUl lie less than tliat for 1881, so that numerator and 
denominator of the above fraction will always have the same 
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Total Ncmbbr of Livbs at Risk r 
ASD Total NiiMBEB or Deaths e 



THE Tes Years 1 





Kuliibor 


of Ll«i 

IbIl 


■,««„. |l 


Umii Auniml INalh- 1 


Ag.. 








" rUt 1 


Mill. 


F.ID.1C. 


nils. 


FBaile. 


Midi 


PODUIU. 


0- . 


71374 


72259 


456B 


3800 


08401 


-05369 










87521 


333 


301 ' 


00183 


■00416 


10- 






8^712 


68595 


149 


174 


00230 


■00253 


15- 






55403 


S296g 




243 1 


00413 


■00292 


MO- 






506G3 


84S33 


266 


292 


00605 


-00311 


25- 






87843 


130732 


678 


709 


00772 


•00512 


35- 






67)3S 


96101 


872 


868 


01304 


■OOBOl 


IG- 






49119 


71568 


1040 


1034 


02117 


-01144 


65- 






33688 


51020 


1104 


1243 


03278 


■02438 


66- 






1B187 


30957 


lli35 


1577 


06438 


■06093 


76- 






7113 


11613 


915 


1416 


13220 


■12192 


85- 






878 


368S 


281 


413 


29726 


■25991 


B5- 






31 


44 


7 


22 


20688 


■60000 


ToUl . 


678731 


789803 


11888 


12090 


■02021 


■01675 



(2) Having now obtained a statement of tlie iofal number of 
livoi al risk and numfier of ileathe in quinquennial and decennial 
groups of ages, the proceas by which the corresponding numbers 
for indioidual years oj life have been obtained, must be exnmined. 
There are two chief methods by which the nuniber for the indi- 
vidual years of each age-period can be " interpolated." 

(a) By the '.'method of finite differeiicea" apphed to the 
logarithms of the figures representing tlie papulation and deaths 
at the beginning and end of each age-period. This method, 
known as the ana/ytieal, involves complex calculations for a 
description of which reference may be made to p. xxv. of Dr. 
Farr's English Life-Table No. III. Dr. Farr'a methods have 
been somewhat modified and improved in the calculation of the 
Life Table for England and Wales in 1881-90 (Decejinial Supiile- 
ment of the S&jigtrar-General, part i,). 

{fi) By the "graphic method" here adopted. This method 
was descri!>ed in a paper by Mr. Geotge King, f.i.a., in the 
Journal of Ike Iiislilute of Aetuaries, No, cxxxi. (October, 1883), 
"On the Method used by Milno in the Construe lion of the 
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Carlisle Tublc of ilortality." In thia paper Mr. King cleand 
up the mysteTy which had hung over the method putsued b; 
Milne in the construction of the Carlisle life-Table, and showed 
that the method pnisued was a graphic one identical with that 
here described. 
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Fio. 39. 

The method may be briefly described as follows; Along the 
abscissa line AZ (Fig. 39) mark olT five equal portions, each to 
represent Jive years, for the first five quinquennial intervals of 
age ; and let eight other equal portions, each of double length to 
represent ten years, succeed them for the subsequent decennial 
intervals of age. 

At each of tlie poijits A and B erect perpendiculars to AZ, and 
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make the porpenJicuIar lines of such a height, in flccordiinte wiLh 
tlie marginal scale previously decided upon, that the parallelogram 
A(> shall equal in dimensions the population living aged 0-5. 
Thus m the diagram 56 = 14274-8, and this when multiplied by 
6, the number of years included between A and iJ = 71374, the 

DEATHS-MALES. 
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number of male lives at risk at ages 0-5. Similarly Cn = 13847-2, 
and this when multiplied by 5, gives 69,236 as the area of Be. In 
the later groups 10 years arc taken. Thus (?(/ = 8784-3, the area of 
fy being 87,843. "llaving thus plotted out the populations living 
at various groups of ages, the number living at each single year of 
life is obtained as follows : — 
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A curved lino is described through the paraUelograniB already 
drawD, sweeping as eaaily as poasihle through the upper part of 
thesti parallelograms from A io Z. Thie curved line (1) must be 
as little curved as other couJitiotu will admit of. (2) It must 
never change its direction abruptly so as to form an angle in ita 
path. (3) The curved line thus described must so cut each of the 
parallelograms that the area included between the base line below, 
the corresponding portion of the two ordinates laterally, and the 
portion of the curved line above, shall equal the area of the 
parallelogram erected on the same IwBe. Thus the area -of the 
parallelogram Cd= the area ot Ce'd'e D. In other words, the area 
cut oil' is exactly equal to the area added. 

If now the distances AB, BC, CD, DE, etc., along the aLscissa 
line be divided into equal portions repre-senting one year each, 
then vertical lines drawn Jrom the cetilre of each of these space* 
will give the central population for each year of age.* 

The accuracy of the curve is confirmed by ascertaining (hat the 
sum of the ordinates drawn from the base line within each space 
to the curved line hounding the sjmce above is equal to the area of 
the parallelogram drawn on the same base. Thus in Fig. 39 
CH = 64712 = the sum of the five ordinutes, 13420 + 13220 + 
13000+ 12710 + 12372.+ 

This method is not only very accurate, but it serves furthermore 
to remove the exaggerated oscillations occurring in figures on a 
small scale. The tracing of the curves being effected by a purely 
graphical process, different draughtsmen may arrive at slightly 
divergent residts. It is, however, impossible that any material 
discrepancy can thus arise if due care is exercised, and if tlie rules 
set forth above are rigidly adhered to. 

Exactly the same method is pursued for the deaths occurring at 
each group of ages as that just described for population. The 
results are shown graphically in Figs. 39 and 40. The following 



• In the dugrnm, for the salta of clearnosB, the divisions for single je*n 
are not shown. Id practice it is beat d»iie by means of Laytoii'g aotaariftl 
paper, which is subdivided iuto accuratolj ruled amall squarci, thus enablinK 
DorrectiuesGUi'etnent Co lio mad«af the porpendiculara rcpreasnting the nnmbtr 
living or the number of deaths at the oentrB of each year. 

t It is not essential that in every case the stini of the ordinKtea sliall 
exnctly ecjual tlie aroa of tlie coTres]xiDiling paralk'lograiu. OccaaionaNy it 
may be necessary to compensate for ext'caa or daflcieucy in the noiifliljouriiig 
part of thu curve. Tliis is only exception ally required in order to nbtun « 
good curve. 
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ia a sample of some of the population and death-groups before and 
after distribution by tJio graphic metliod. 

Total Nciiber of Lives at Risk asd Deaths for each 

Yeah of Aqe. 



MALMa. 


AgB. 


PopuIiUon. 


IMUu. 












InOriginil 


Dlntilbiited. 


In OrlEintl 
Omni*. 


DlitilbqUd. 






14040 




100 






13970 




78 




89238 


13870 


333 


62 






13740 




51-5 






13616 




4TS 






13420 

13220 




3-22 

27-2 




64712 


13000 


149 


28-2 






12710 




27-4 






12362 




36-0 


6R 




2E20 




118 -5 


66 




2400 




123- 


67 




2250 




127-5 i 


68 




2110 




12P-' 


tiS 


19187 


1980 


1235 


128-5 


70 

71 




ISIiO 
1700 




12B-2 

128- 


1^ 




1580 
1470 




124- 

lid- 


71 




13-i7 




110-3 


95 




,) 




8- 


96 


18 


G 




a 


B7 




2 




1 


98 




1 






99 




1 







Population aged 0-5. The graphic method just described gives 
accurate results for the greater part of life. The firet five yeais 
of life, Lowfivpr, giv»( sju'cijil difficulty wliotever method of cultu- 
liiting the central pnpulatii.m of each of these years is adopted. 
This is ineoparnlile frtmi tlie defective character of tlie data for 
these years, the agea of young children being often inaccumtcly 
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chaaB 



I 



stated in the census returns. Althougb the number of chi 
&t each year of age under 5 can be ascertained from the c 
returns, tlieae numbers are untrustworthy. The total numbfer 
aged 0-5 may be accepted aa accurate, but the distribution of this 
total at each age under 5 must be found by an independent 
* method. One of the following two methods may be adopted, 
preferably the latter if the data are available : — 

(a) The population under 1 year of age in any year may lie 
taken as equal to the births from July 1st to December 31st of 
the preceding year j.du* the births from January let to June 30th 
in the same year, and uiitim the deaths under I year of age during 
the same half-year. Similarly the population under I year of age 
for the ten years 1881-90 may be taken to be equal to the total 
births from July Ut, 1880, to June 30th, 1890, tiiiiau the number 
of deaths under 1 year of age in the ten years 1881-90. 

Thus, having ascertained tlie total male births from July 1st, 
1880, to June 30th, 1890, and subtracted from the result the total 
number of deaths of males under 1 year of age in the ten years 
1881-90, we obtain the population out of which the deaths at the 
age 1-2 occur during the same period. Subtracting the deaths at 
the age 1-2 we obtain the number out of which the deaths at the 
a£B 2-3 occur ; subtracting these we obtain the population out of 
which the deaths at the age 3-4 occur; and subtracting these we 
obtain the population out of which the deaths 4-5 occur. 

The sum of the five amounts thus obtained gives 76,627, which 
is the aggregate population at the commencement of the first five 
years of life. But when estimated from the census returns it la 
71,374, the difference being accounted for by migration. Hence 
these five amounts must each be reduced in the proportion of 
71374 
?6627' 

Having obtained by this means the corrected population' at the 
beginning of each of the first five years of life, we next proceed 
to obtain the mean population, which for each of these yean 
except the first may be taken as the geometrical mean between the 
population at the beginning of the year (l.) and at its end (2.+i). 
In other words the logarithms of the population at the begiiming 
and end of the year are in arithmetical progression. The mean 
populations thus ascertained are 14,001 (1-2), 13,405 (2-3), 
13,135 (3-4), and 13,580 (4-5). 

The sum of these populations subtracted from 71,374 gives 
17,253 OS the mean jwpulation of the first year of life. 
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(b) The following is a somewhat more accurate method of ohtain- 
ing the population aged 0-5, and where the necessaty data are 
obtainable should be used. For the description of it I am indebted 
to Dr. Hoy ward. 

To find the true mean nu/mbert Uving and the valuts of p^ for ihe fi/rtt 

Ji/ve years of life. 
For the ten years 1881-90 the data required are: 

(1) The true mean niimbera living for each sex at the Ogc-period 0-5 
calculated by the nietliod previously described (or by the method to he 
described in tlie siiuceeding chapWr). 

(2) The numbers of birtha, inalea and females, for each of the years 
1876-90. 

(3) The numbers of deaths for each sex. 
fa) At age 0-1 for the years 1877-9" 



ih) 

(0 ., 2-3 ,. „ 

{d) „ 3-4 „ „ 

<an annual number at birth 



1878-90. 
1879-90. 
1680-90. 
Q the ten years there must 



i births in 1880 + all births in 1881-89 + ^ births in 1690 
10 
IL For the mean annual number at 1 year of age. 

i births in 1879+ all births in 1880-8(1 + * births in 1889 
less the number of deaths under 1 year of age in 1880-89 
10 
' III. For the mean annual number at 2 ymrt of nge. 

i births in 1678 + ftll births in 1879-87 + i birtlis in 1888 
less deaths under I year in 1879-88 

and deatha 1-2 years in 1660-89 

10 
IV. For the mean annual number at 3 years of age. 

i births in 1877 + all births in 1878-86 + i births in 1887 
less deatha under 1 year in 1878-87 
and „ 1-a years in 1879-89 

„ „ 2-3 „ 1880- 89 

• 10 
. For the mean annual number at 4 yeari of age. 

h births in ie76+aU births in 1877-86 + 4 births i" 1886 
Ibm deatha under 1 year in 1877-86 
and „ 1-2 years in 1676-fi7 
.. -> 2-3 „ 
.. 3-4 
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Five nunibere are thus 



d, <, culling th( 



■■N. 



It muBt be earef ully noted that these nuinbera give not the populatJOD 
numbers at all ages from 0-1, from ]-3, etc., but the numbers actunlly 
starting at birth, at 1 year of ace, etu. 

Now the true iiitan numlier living at the Ofie-period 0-5 (which vt 
may call C) which we have already calculated from the census enuuen- 
limia, gives the tf)tal population at ail agei from birth to age &, Uid 
represenU the total N afier }inl/ a ■ytar's mortality, as well as attmi jji 
muiratimi. 

In order to make C correspond with N, C must he earritd bade half a 
ytuT by restoring the numbers of those who bave died in the first half 
of the years of life. 

lu the first year of life much more than half the niorUdity occurs in 
the first half of the vear. For the other years the niortality may be 
considered to be evenly distributed. 

Tlieretore 6'+ mean annual nnniher of those dying under 6 months 
of Buf '"^°" annual number of deaths at ages 1-3, 2-3, 3-4. 4-5 

will give a. value which we niay call "T."' 

The difference of T from N will represent the alterations dae to 
mi'iiTatwH. 

In order t« eliminate these differences the total T must be divided 
up proportionately to the numbers a,b,c,ii, «, which together give the 
loliil N. Thue— a- N ■■ P ■ T 

b: N :: p^\ T 
e:N::p.,:T 
d\N::p^\T 

We shall thus obtain a series of five numbers which we niav call 
fot Pi! p3< Pai Pv representing the true mean annual number living 



I birth, I 



J 1, and age 2, etc From these numbers the p 



for the first five years of life can be readily calculated. Thus — 
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Since llie cliaoce of liviiigl 



luber livinR at end of year 



and PQ = iii^n annual numlwral 

dying from agy U to age 1, it is obvioiiB that llie fraet. 



„Po-rfo 



senta the chance of living nne year from birth, etc. 

This method of calculation is, of course, lialile to the fallacy that 
the migration of children under 6 yeara may uot be exactljf propor- 
tionate for each of the first 5 yeara of life, but it at least gives more 
rational resiiltA than would be obtained by working fioni the obviously 
erroneous numbers of tlie census enumerations for these years. 

CorutrurtioJi of lite life-tahle. The number of lives at risk at 
each age, and the number of de.iths at the corresponding ages 
and during the period with which the life-table deale being 
known, we obtain by division m, = the rate of mortality per 
unit of population, better known to actuaries as the central Jeatk- 
rate, because it represents the rate at which people are dying in 
the centre of a given year. 

From the m. column, the probability that a person at ouch 
ago will survive one full year {p,) can be obtained. 

The probability of living | _ number of survivors at end of year 
through one year 



number living at beginning of year' 
B have already shown that 



V 



2-n, 
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Probability of Life at 
Number of Survivors 
Number Born. 



EACH AOE, AND 
OUT OF A GIVEN 



Age. 


The Probability 

of Living One 

Year. 

Px 


Nnmber of Sor- 
vivoni at each 
< Year of Age ont 
1 of 100.000 at 
BirtiL 

1 


Hales. 


, Maleii. 

1 





•84608 


100000, 


1 


'93392 


81999 ^ 


2 


•97538 


79380 * 


S 


-98144 


77426 


4 


•98863 


76987 


5 


•99290 


75125 


6 


•99445 


74590 


»• 
/ 


•99554 


74176 


8 


•99626 


73846 


9 


•99696 . 


73569 


• • • 

95 


•63036 


135 


96 


•66Q66 


86 


97 


•60000 


67 


98 


•60000 


34 


99 


•60000 


20 


100 




12 


101 




8 


102 




6 


103 




4 


104 




2 


105 








Thus 51,195 
43,315 



X -84608 = 43,315 

X -93392 = 40,452, and so on. 



The p, colamn calcu- 
lated from nig for each 
age having heen thus 
obtained separately for 
the two sexes, we can 
now build up the life- 
table step by step.* It 
is usual to start wiUi 
100,000 children at 
birth. In Brighton dur- 
ing the ten years 1881- 
90, the births of male 
and female children were 
in the proportion of 
51,195 to 48,805, mak- 
ing 100,000 of both 
sexes. The numl)eT8 
51,195 and 48,805 are, 
therefore, taken as the 
number at age in the 
/^ column of the Brighton 
life-table. 

Starting with 51,195 
male infants at birth, the 
number living at the end 
of one year is obtained by 
multiplying this number 
by the prol)ability of 
surviving to the end of 
the first year. 



In order to obtain the mean expectation of life for each 
individual, it will evidently Ikj necessary to ascertain the total 
number of years lived by the individuals under consideration, and 
divide the sum by the number of individuals living this total 
number of years. The Z^ column in the table of which a portion is 
reprinted below (p. 275) gives the necessary data for this calculation. 

Thus the 43,315 males surviving to the end of the first year of 
life out of 51,195 born will have each lived a complete year in 

* For a shorter method of obtaining ji^^ see p. 260. 
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the first year, or among them 43,315 years. Similarly 40,452 
males will live another complete year each in the second year, or 
among them a further 40,452 complete years; similarly 39,456 
complete yeai*s of life will be lived in the third year ; 38,723 in 
the fourth year, and so on, until the males started with become 



extinct at the age of 105. 



Brighton Life-Table. 
(Based on the Mortality of the Tod Years, 1881-90.) 

HALES. 



Age. 


Dying in each 
Year of Age, 
0-1, 1-2, etc. 


Born, and Survlying 
at each Age. 


Snin of the Namber 

Living, or Yeard 

of Life lived at each 

Age x+1 and npwards 

to the last Age in 

the Table. 


Mean after Life- 
time (Expectation 
of Life) at each 
Age. 


X 


d:c 


ix 


2/^+, 


e\ 





7880 


51195 


2206174 


4359 


1 


2863 


43315 


2162859 


50*43 


2 


996 


40452 


2122407 


52-96 


3 


733 


39456 


2082951 


53*29 


4 


440 


38723 


2044228 


53-29 


5 


272 


38283 


2005945 


52-87 


6 


211 


38011 


1967934 


62-27 


7 


169 


37800 


1930134 


51-56 


8 


141 


37631 


1892503 


50-78 


9 


114 


37490 


1855013 


49-98 


10 


90 


37376 


1817637 


49-12 


11 


77 


37286 


1780351 


48-14 


12 


75 


37209 


1743142 


47-35 


13 


80 


37134 


1706008 


46-44 


14 


108 


37054 


1668954 


45-54 


! 95 


• • • 

25 


""69 


""i*16 


i"68 


96 


15 


44 


72 


1-64 


1 97 


12 


29 


43 


1-48 


98 


7 


17 


26 


1-53 


99 


4 


10 


16 


1-60 


100 


2 


6 


10 


1-66 


101 


1 


4 


6 


1-50 


102 


1 


3 


3 


1-00 


103 


1 


2 


1 


-50 


104 





1 







105 
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It is evident, therefore, that the total number of complete years 
lived l>y the 51,195 males started with at birth will be 43,315 + 

40,452 + 39,456 + 38,723+ 1 = 2,206,174 years. 

As this mmilKjr of years is lived by 51,195 males, the numl)er of 
cotiij)lete years lived by each male 

2,206,174 ,«^o 
= — = 43*09 vears. 

51,195 ^ 

This result is known as the curtate expectation of life 

We have, in the above remarks, confined our attention to the 
comi)lete years of life, and have not taken into account that portion 
of lifetime lived by each person in the year of his death. In some 
instances this may only be a few days, in others nearly an entire 
year ; but it may lx» assumed with a fair degree of accuracy, taking 
one person with another, that the duration of life in the year of 
death will Ix* half a year. 

If we add this half-year to the curtate exi>ectation of life, the 
Coviphfe Kjjiectalion of Life is obtiiincd. 

Tlius the complete expectation for males at birtli = 43 09 + 0*5 - 
43-59 years; at tlie age of 10 years = 48*62 + 0*5 - 49*12 jxars. 
This method is accurate for most ages, but for the first year 0*5 
is too much. 

In the above specimens of the life-table only the complete 
expectation of life is printed. 

The headings given in the extract from the Brighton Life-Table 
on p. 275 are 

I give a sami>le of two other life-tal>les, wliich will thi-ow liglit 
on some further i)oints connected with a life-table. 
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Life-Table for England and Wales, based on the Mortality 

IN the Ten Years 1881-90. 









MALES. 






Age, 


t 

Dying in each 
Year of Age. 


Bom and Sur- 
viving at each 
Age.* 


Poptilation, or 

Years of Life 

Lived, in each 

Year of Age. 


PopuUtion. or 

Years of Life 

Lived, in and 

above each 

, Year of Age. 


1 

Ex^)ectatioQ of 

Life at each 

Age. 


X 
95 


rfx 


iz 


^z 


Qz 


^z 


162 


383 


302 


658 


1-72 


96 


99 


221 


171 


356 


1*61 


97 


58 


122 


93 


185 


1-51 


98 


82 


64 


48 


91 


1-42 


99 


17 


32 


24 


43 


1-33 


100 


8 


15 


11 


19 


1-24 


101 


4 


7 


5 


8 


1-13 


' 102 


2 


3 


2 


3 


0-98 


103 


1 


1 


1 . 


1 


0-69 



Institute of Actuaries H.** t (Healthy Males) Life-Table. 



Age. 



85 

86 
87 
88 
89 

90 
91 
92 
93 
94 
95 



Nunil)cr Number 
Living. Dying. 



I 



54 
43 
34 
26 
20 

15 
11 
8 
5 
3 
1 



11 
9 
8 
6 
5 

4 
3 
3 
2 
2 
1 



Probability 

of Living 

1 year. 


2:^x+l 


^x 


idjp+ljc-\-l = 


1 


e\ 


Px 






= ^x 


*jr 


3-57 


•796 


166 


3-07 


iS'5 


193 


•791 


123 


2-86 


38-5 


144-5 


3-36 


•764 


89 


2-62 


30 


106 


Z'V2 


•769 


63 


2-42 


23 


76 


2-92 


•750 


43 


215 


17-5 


53 


2-65 


•733 


28 


1^87 


13 


35 5 


2^37 


•727 


17 


1-55 


9^5 


22-5 


2-Of) 


•625 


9 


1-13 


6 5 


13 


1-63 


•600 


4 


•80 


4 


6-5 


1-30 


•334 


1 


•33 


2 


2-5 


•83 


•000 







•5 


•5 


•50 



• Out of 509,180 iUrted witli at birth. 

t Taken fh>ni an Elementary Lecture on the Theory of Life Aaaorance, by W. J. H. 
Whitiall, F.I.A. (Layton). 
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In the second table a distinction is made between the curtate 
expectation of life (ex), obtained by dividing the sum of those 
living at all higher ages by the number living at the beginning of 
any year of life, and the complete expectation of life, obtained by 
dividing the sum of the mean population at the same and all 
higher ages by the number living at the beginning of anj year of 
life. V7 

Thus ex=-=f^,8Jid 



o 



''X 



Ix 

Lx in the second table = Fx in the firsts 
-ijr n » = Wjr » n and 

while y- = •'^ = e°jr = complete expectation of life. 

lx lx 

The two tables may be utilized for a study of the principles 
underlying' the constniction of a life-table and of its applications. 
In the fii-st tiible 383 men aged 95, and in the second 54 aged 85, 
arc obs(aved until death. These age^ are chosen for the sake of 
brevity, but the principles involved are exactly the same as if the 
life-table had commenced at birth. The relation between the 
curtate and the complete expectation of life is clearly seen in 
the second table. Thus — 

166 

54 
166 
'54 

193 

54 



.s. = ^" = 3.07 

o Ibo ,1 « c>* 
^85 = >:i +^ = 3*5 < ycai-s; 

o 1 I/O o.r:^ 

ore j45 = -^^ = 3-o7 „ 



It is important to remember that the life-table represents a 
stationary population. A certain number are started with at 
birth and traced through life according to the mortality experience 
of a given period (►f years ; but at every age, a« deaths occur and 
the remainder pass on to the next year of life, their places are 
assumed to be taken by an equal numl)er of the same age. Thus 
the 54 aged 85 in the second table become 43 aged 86, and their 
places are taken by anotlier 54 who concurrently attain the age 
of 85. 



CHAPTEK XXITI. 



ABBREVIATED OR "SHORT" METHODS OF CON- 
STRUCTING LOCAL LIFE-TABLES. 



FOE the following description I am indebted to Dr. Hayward, 
whose life-table for tlie urban dietrict of Haydock, Lanca- 
shire, comprises what is, so far as I know, the best description of 
the conatmction of a life-taltle by the analytical method, and 
contains a number of novel augge^ions and practical diBcoveries, 
which are embodied in the foUowiifg description : — 

Tlie lalwur involved in constructing a complete or "extended" life- 
tAlile, that is, calciUatiiig the chance of survival (px) and the exi>ecta- 
tion of life (£i) lor every single year of life, even when aimplified hy 
the "graphic" method aescribed in the preceding pBges will be so 
considerarile as to deter, perhaps, the majority of medical officers of 
health from uudertakine it. 

In view, therefore, of the great desirability that every community 
should possess the advantage of having available the only true me<£ure 
of its vilality, it is of importance lo ascertain whether by some eimpler 
and shorter method, an approiimation to the tnith, sufficiently near 
for all practical purposes, can be attained. 

Up to a certain point exactly the same work must be done for a 
short life-table ns for a complete one. 

(1) The true mean total population for the deceimial period most 
nearly corresponding to the interval between two successive censuses 
must be calculated, corrections having been mode, if necessary, in the 
census enumerations for public institutions, etc. 

(2) This total must then be divided up proportionately, so as to 
obtain the true mean numbers living in each of the age and sex-groups 
usually employed in classifying population, three iiuinquetmial age 
intervals being first Uken, 0-5, 5-10, and 10-16, and atterwarda 
decennial intervals to age 95. 

(3J The deaths must next be most carefully enumerated and 
classified into groups similar to those already adopted for the popula- 
tion, especial care being taken tu incivdt all those deaths property 
belouKing to the district, hut occurring outside it, as well aa to extlvde 
ench deaths as may fairly be omitted as belonging to other districts, it 
~ 878 
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beiug borne in mind tliat an error of otic in the deatha will hive a 
twiny times greater effect in vitiating the calculations than an ettat 
of fell in the population. 

(4) Separate calculations must tben be niadc for each of the find 
five years of life by the metliod already explained. There is no shoit 
method for thuae years. If a simple calculation be attempEed for 
this age-period based on the total population and iJ^tal deaths U 
the a^-)>eriod 0-6, the mean value ot pi will be much too email, the 
li niiuilier for age G will be correspondingly diininjehed, and there- 
fore the Ht valuta at agea and B will greatly err in the direction of 
delicieucy. 

To Jind the true mran populalion of a district for the tfn caUndixr yiart 
niMl nearly eerTftpvnding ta the iiUenal Utwexn (uw sueeetaive caauta. 

The simple and obvious method of taking as the mean poimlation of 
a district for leu years (sar 1881-90] tite arithmetical mean of the two ceoBoi 
enumerations of 1381 and 1SS1 is unfortunately rsndi^red ei 



r decreaw, tka 



(1) On tlie as9am;ition of s consUnt ratio of inur 
arithmetical mean must necessarily be grtater than ths 

(2) The inUr™n«al period ia Uter by the fourlb part of a year, both 
at its bednntng and ending, than the ten calendar years most nnriy 



arithmetical n 



m population for 1881-90 may be found by dividing the 
m, that is, ^^~' by the factor 



2(^-1)" 

In Tart I. of tbo Snpplaaent to the Fifty-fifth Annual BepoH of tlu 
Itegiitrar-Oeneral (pp. iliv. and xlv.) i» given a most valunble table [calltd 
Tablo ?), the result of su enormous ainouut of labour and calculatioD, 
by which tlie |]ro{)er fiiotor may lie caaily and simply calculated for any rite 
of inorenae or decrease. 

Taking the case of the popiUation of Brighton, the total enumerated 
popuUtiuus at the censuses of 18S1 and 1891 were reapectivelj 138,350 
and 111,870. 



Therefore J{=- 



1.970 ^ 
18, 360 



l-10eiI81. 



From "Table P" the factor of correction corraapoading to A-1'1061161 
is found to be 1-003370 + ( 003108 ~ -OOBarO) x -1161 = 1 -00337*. 
The true mean population, therefore, 
1(128,360 + 141.970) ,.., 
1-003374 

This differs by -1-63 from the numlier obtained by the method previously 
deiiciibed on [lage 264. 



i=13j705-5 (or 134,708). 
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To find tlie true mttin mtnual numbtTS living for each of the age and sex- 
groups into whidt the popuiatian ia ilivldai. 

HaviDK given the total tnic mcau nopulation, this niny be divided up 
iutu nuinbera correspoDdiiia to age and aex-grouiB by the method of menu 
propnrtious, whioh ia based on the oasuniptiaii that from one cetiaus tu tha 
next tha proportion* change uniformly. 

The steps of the calculatiou are as follows : — 

1. Calculate the projiartions per million living in each of the age and 
sei-groups at each ceuaua. Tlma, hnving given the faots — 

(a) That at tlie cennia of 18S1, out of a total euumerated population for 
Brighton of 128,350, there were living SICS males ugei) from 10 to 15. ' 

(6} That at the census ot 139!, out of & total enuruorsted [lopulation of 
141,970, there were living 6329 males iu the «ame gge-gronp. We have 
the proportions : — 

S158 : 128,350 ■■.i: 1.000,000, 
,_fllB8xl,000,000^^-g^g.jB_ 






128,350 
829:111,970::.^ 
_ 6829x1 . OOP. Qi 

141.970 



2. Next fiQfl the proportion per niillion at the middle of the iuterceusal 
period, that u, five yeant after the earlier census. 

This is done by simply taking the arithmetical mean of the two prop 
tioiis already found. 

Thm ""»l't'»'»l-?l .480a..5. 

3. Take the difTerence between this last found vake and the proportion _ . 
tbe earlier census. This will give the change of proportion in live years. 

Thus *803a'95-4707S-10= + 8i70. 

i. Notv wo only want iS of this lost value for the nhango in proportion 
for four and three-quarter years (corresjionding to IS of the total cbauge in 
tuiyeara) 

Aerefore, as the change in proportion has been in the direction of 
increase, tbo required mean proportion ]ii.'r million at the period of four and 
three-quart«r years after the earlier census is found by subtraelin!/ jfe of the 
change in live years from the value corresponding to the middle of the 
intereensal period. 

Thus 48039-95 -^^ = 18039 86. 

If the change in proportion had been in the directioci o!iUcreaac, the value 

?i^would liavB had to be o./dal. 
20 

G. Finally, we have (he pro|K)rtion : — 



^ a. Fmally, we have ( 



4.S03(!'5ti- 134,706 
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Supposiug the work completed up to this point, aud it ia deiired to take ■ 
" ro^ roacP' beyond, the abort metbod bithcrto usually employed has lietn 
th«t inretitod by the lat« Dr. W. Fmt, and descnbed by him twenty-Uir« 
jeut tgaia the SuppUiaeattctha T/iiny-Jifik Annual Seporl 0/ Uu Btgulrar- 
Otneral. 

The ^neriil principle of this method is to calcidste £rom the nomUn of 
population and dvatlu for a B-yearly or 10-jearly age-period, tbe mean Tslofi 
of Pi ; that ia, the mean chanoe of aurviving one year durin;; the age^peciod, 
and then to use five or ten tiniea this value, reapectiTcly, in calcuUting tlie 
next Btage in the l^ oolamn. 

In actiia.1 experience, as well as in the niathenjatical calculation! of a 
complete life-table, it will, of coutso, be obvious that (after age 15} the 
chuice of survival will be greater in tbe Grst year of the age-period, and 
leas in the last year, than the moiiTi value so found. 

A very simple calculatiou, involving only an elementary knoivled^ ot 
the use of logarithms, suQices to determine these mean values of p^ 

Having given tbe total mean number lining, and the total number dying 
for a dven age-period, the mean chance of living one year daring the age- 
period is found by the fraction — 






- \ deaths _ 



population -f- k deatlis 



Tlius, having given t 
annual number of deaths ir 



" 6Ba3-6 + ia'86 

and log. pj = log. B906'B5-log. e940-25 = 3'8392aS4-3-S1137fi2-l-9!}79112, 
therefore^,, = ■99520. 

This value only differs from the mean value of the sepftrata p^ valnei 
determined by the aomjilnle life-table by - -00002. 

Again having given the facts for the age-period 7S-8!>, (1) that the mean 
annual number of males liviug=714'3; (2) that the meta ■nnusl somber 
of deaths =91-G, 

_ 7H-3~47-25 6B^rj05 
^' 714'3 + 47-25~781-5E 
2-8241584 - 
"r2T88]69ri = '-"2"00 = -87B9I. 

The mean value of tlie separate values of p^ for the sge-jieriod in tbe 
complete Ufe-table^ 85863, so that the value determined by tbe short 
method dilfera from this by -f- '01729. 

If the mean values of p^ for each of the decennial age-periods after age 
2f>, arrived at by the short method, be compared with the oorrespouding 
values determined in the complete life-table, it vill be fonnd that there are 
increasing differeuces in the direction of excess, as is ehonn in the following 
Ubularst ■ 
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Utan Vilott at p, for Brlihlou 








In thH Bitooafid By Ihfl Short 
Li h- table. 1 UflUiDd. 


Din™™ 


5-10 . 

10-16 . 
1^-26 . 
25-36 . 
35-45 . 
4S-65 . 
55-65 . 
85-75 - 
76-86 . 
S5-B5 . 
9&- 








■9B522 
■BS769 
■99645 
■99238 
'98893 
■B787-2 
■96719 
■BB653 
■86882 
■71973 


■99620 
■99770 
■99644 
■99231 
■98716 
■97905 
■B6777 
■93784 
■87591 
■74121 

■sisss 


+ 
+ 

+ 


00002 
flOOOl 
00001 
00005 
00022 
00033 
00058 
00211 
01729 
02148 



It will be noted that tbe value of p^ far the Age of BG and npmrdi, u 
uTived at from the data, ia iiiucti greater than that for tbo age-period 
85-95. 

This i« It nianifeat BUolualy, and cannot be in accordance with the actual 
rhcre i» so much mis-Btatemcnt of age, and the numbers dealt with 
are so imall, that it ia better, in order to obtain a working value of ;>,,, to 
discard the actual data aud to make a calculation based on the four or five 
preceding values of p^_ 

The following method will give the required value :— 



facta. 



Calculation o 



I Bbiobtoh (MalB£). 



Let the logarithms of the mean valllea of p^ for tho four precedin 
decennial ajfe-perioda be set down in a column, and lot their diifeience 
b« taken tintil the third and last difference is obtained. Thua— 



Fint 



DllTen 



a«anil 






, Thlfrt 
. Diffmece. 

log. pa^= 1 ■9857706 - ■0137312 - ■0158421 - -0271083 
log- PtM\= r"9720383 - ■0295763 - ■0429484 
log. Pi(-'s = r9424800- ■0725247 
log. pBt-0I-^■S899363- 
If these diffc 
eqnidistant term 

log. pi);.=T 8899353 - (■0725247 + ■0429484 + ■0271063) = 
Therefore ;i«.= -63377. 



From the aeries of mean 

[ onwanla, it i.'< now poBsible 

J value, alreoil; calculated 

L Bribed at are as fallows :— 



es of }i^ (at llie age-l>erioda from age 6 
continue the enleulatinua of l^, from the 
the oQiupIete life-table, and the result* 
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VALUSS of E^ OBIAISBD 

"Shout" Mkthoc, 

THE EXTRKDED LIFE-TaULB, 



BitiGHTON (Uai-ek) dt Dr. Fakk's 

VtTU THE CORItE«?0KDIKG VALDB Ui 
BMf KfTlVELY BY "S " AHO'l 
A. OMmotya 



95 



6-60 
5-00 



3'S3 



+2-17 
+ 3-32 



This meiliod, 
approximation 



vhile at. lite earlier aaeu Kiving a moderaUly close 
j^ ... the results of a complete life-lable, can scarcely be 

considered at the later ages aa entirely satisfactory. 

n we analyze the reasons for the discrepancies in tlie direction of 
eicess of the values of Ei obtained, they are found lo be twofold. 

(1) The progressively iiicreosiiiK values of p^ aver the mean values 
of the complete life'tablc already demonstrate. The values of li ore 
therefore increased, and the year* of life calculated from Ix and 
1^+10 ^'^ increased in greater proportion than 1^ is increased. 

(2) But even if we were able to get the mean values of p^ by 
the short method lo exaetly corresjwnd with those of the complete 
life-tahle, and, therefore, the values of ':i to be identical, the calculation 
of the years of life at 10-yearly intervals would give errors in excem 
over the sums of the separate yearly values, and therefore the values 
of Ex would be too great. 

However, by a sioijile modification of Dr. Fan's short method, Dr. 
Hayward found that very close approsi mat ions to the truei'^ values of 
a complete life-tahle can be obtamed. His result* were embodied, in 
the firat inslance, in the life-table for Haydock, and are reproduced 
here by his permission and assistance. 

Qoing lack to the ])oiiit at which we had the data, (1) the number 
of survivors at age five already calculated, (2^ the mean values of 
Pi for the various age-perioda, the vears of life lived iir 
age-period were calculated by Dr. f arr's method thus :- 
k±^±iilx 10=jeare of life. 

To take a numerical example, yuppose that at age 7fi we have 
sarvivoTK numbering 16,000, and that the mean value of jj, lor the 
age-period 76-85 has been fuiind to l)e ■87055, then the number of 
survivors at age 85 will he l(i,O0Ox(-87055)"'=400O, and the years 
of lite will be 16.«W + ^OQQ ^iQ=iQQ^ooo, 



n each decennial 
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Now if the calculation lie made in two stages instead of one, the 
result will come out as follows: — 

(1) 16,OO0x(.87O55)' = eO0O; 

(2) 8000 X (.87055)' = -1000. 
/I6.QQ0+S000 , 8000 + 4000\. 



andtheye«rsoflife = (^'-?«>+-^^ 



X 5 = 90,000. 



Again, the calculation may be made in fonr stages : — 
(1) 16,000x(-870S5)2t = ]l,314; (2} ll,314x (■87O55)S* = 8OO0t 
(3) ef>00x(-87O56)>i = 565e; (4) 0e56x(-87056)i^ = 4000, 

and the yearij of Iife = 

/ 16.000 + 11.3I4 11,314 + 6000 8000 + 5G5S 6656 4- 4000 1 
\ 2 2 2 2 I 

K 21, = 87,425. 

euuilarlj the calculation may be mode in ttn gtages, with the result 
of reducing the estimated years of lite to 86,701. 

It ia tiias obvious that by the aimple device of reducing the 
calculutcd yean of life liy increasing the number of stages iu the 
cskulation of Ix+io from li, the poMtibility ia presented of obtaining 
values of Ei more nearly approaching the true values. 

Dr. Mayward Las uiade it a matter of experiment to find the most 
lid nirist accurate applii'iitlon of ttilit idea. Starting again 
1 the i( number in the roiiipletc life-table, and with the mean 
vaines of p^r calculated by the short nietliod, the following rules have 
been adopted ;— 

(1) For each of the decennial nge-periods for age 15 to age BS the 
calculation has been made in Cico singes. 

(S) For the aee-period 66-95 four stages have been used. For most 
of the other Lilc-tables iu which the method has been tried a more 
nccurale result has been obtained by making the calculation of tlie 
age-period 75-85 aLw in four Htages. 

(3) After age 95 thi.* calculation hoa been made in yearly stages. 
The reanlts obtained aw shown in the fullowiiig table :— 
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07 E^ FOB 
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6 . . . 43-63 


43 '5S 
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52-81 


62-87 






10 






49'07 


49-12 






15 






44-81 


44-67 






25 






3646 


36-51 






36 






28-98 


29-02 






*5 






22-30 
16-42 


23-39 
16-48 




:' 


65 






10-93 


10-96 






75 






6-66 


6-64 






85 






3-40 


3-S3 






96 






1-63 


1-68 




- 




It is therefore evident that b; thU short and «isy metbod I'aluea 
of Ei are U> be obUiiued at deceuttUl age-iatervals apyruaehimj Iht 
(rue raliut teith TimarkabU tjojctit-ude. 

It iDtist be (nrefulty noted that this method does not give acciirale 
values of E^ for the inleraiediiUe even ages, 20, 30, etr. The iuUsr- 
mediate values of I^-t-g obtaiued are of no use, except as helping to 
reckoa the years of life lirtnl in the iii[«rval between age x and age 
a + 10. 

From tticse decennial valuea of Ei it ia possible to obtain the inter- 
mediate quinquennial valucH b; a simple method of " interpolatiou." 

(1) Where there are tour equidistant terras of a series to work with, 
lU for iiutance £,j, E^^,Egi,aadEif,fri»aUti fii/ia Uu turn of the two 
middU term* subtract Uu (uiit of all Jour tmiu, and dividi the remainder 
^ 16, (Ac raiilt u the autre tenii E^o rrquired. 

30 jg 

(8) Where at the top or bottom of the series there are only three 
terms to work with, together with a fourth term already interpolated 
by the preceding formula, to one-fourth of the >utn nf the (> ' "' 

ttrmt add mu aiid a half time* the iimde term, and tiiblract fron 
the value of the term already inlerjtolaled. 



Thus B„ 



_^je + S 



1 



Theee formulic are to be easily deduced from " Digrange'e Theorem. 

lb is useless to attenipt to obtain values of Ei at the intermediate 
even ages by taking the enumerated popuktion and recorded deaths at 
fi-vearly intervals, and calculating Llie pi values from these :iumbers. 
The results are so uneven as to be quite unaliable. 

It is a work of considerable labour to interpolate intermedial* 
quinquennial values iu the numbers of population and deaths by 
forinuiio corresponding to those above ^ven applied to the li^arithnis 
of the numbers representing population and deaths at ace x and 
upwards, whereas by reserving the inUrpolation until the Ibst stage 
in the Eg numbers, the labour is very much less, and the rrguUa eqvai 
in attorney those already obtained for the odd lu/es. 

Those who may desire to have a more detailed explaimtion of this 
method, and to see its results as applied to other life-tables, may refer 
to Dr. Havward's paper "On Local Life-Tables by Short Methods," in 
l-vblic Health, vol. I. no. i., July, 1898. 

History of Life-Tables. Tie earliest English Life-Table was con- 
strucCed by EallBF, the English astronomer, in the second half of the 
seventeenth centuiy. It was calculated on the deaths in the city of 
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Breslau in the years 1687-1691. Males and fenmles are not distingiiiahed 
in it, nor in the Northampton and Carlisle Tables. 



De Moivre'B lijrpotheBis was 

He concluded that the hypothes 
one dies every year till aU are ex 
mortality of the greater part ot life, and that ii 



sURgeated hy Halley'a Bredlau Tahle*. 
tt that out of eiglity-aix persoiis bom 
« extinct, would very nearly represent the 
, rt of life, and that in the calculation of 
i would nearly i-ompensnte one another. Tables 
formed on tbia hypothesis, as well as on the Northamuton Table to be 
next conaidered, 'overatat* the mortality of young adults. The con- 
eequence is, that in life assurances calculated on the results of De 
Moivre's and Price's Tahlea, the young are made to pay fur the old, and 
injustice is done to those who iuanre comparatively early in life. 

The first life-Uble used for the purpose of determining the rate of 

¥remium to be paid for life assurance was Dr. Price's Northampton 
able, H'hicli waa used by the Equitable Office on its establishment in 
1762. Like Halley'a Table, owing to the want of proper materials, the 
Northampt4)n Table was not coustructcd by a comparison of the 
dealht and llu living at each age, but from thr atathi alone. Tables con- 
structed on this latter plan are only correct when the population in 
whicit the deaths occur remains stationary ; %.e., when the births and 
deaths are equal in number, and there is no disturbing migration. 
Dr. Price was under the misappreheuaion that the population of 
Northampton was stationarv, juaging by tiie number of infantUe 
baptianiH. But at the tinie the data for this table were recorded, there 
were a large num):)er of Baptists in Northampton, who repudiated 
infantile baptism. The consequence of this oversight was that Dr. 
Price assumed the mean duration of life to be twenty-four years, when 
it was really about thirty years. Unfortunately his table was made 
the basis for llie government annuity schemes ; and the same error 
which gave the insurance ofBcea one-tliird too high premiums induced 
the government to grant annuities by one-third too large for the price 
charged, resulting in a loes to the public funds of about two millions 
ot money before the error was corrected. 

Dr. Price also constructed a correct life-table from the ponidation 
and deaths in Sweden, "which was the first national life-table ever 
made, and redounds much more t<i his fame than the Northampton 
Table" (Furr). 

The Oarlisle Table was formed by Mr. Milne, from the observations 
of Dr. lleysham, upon the mortality ot that town in the years 1779-89, 
and two enumerations of ita population in 1779 and 17ST. At the 
time it was constructed it showed resulta too favourable for the whole 
country j hut owing to the decrease of mortality which followed, it 
became more accurate. De Morgan gives the following expression, 
based on the Carlisle Table, as representing more nearly the mort^ty 
from the age ot 15 to that of 65 than doea De Moivre's hypothesis. 
Ot every one hundred persons aged 15, one dies every year till the age 
of 65. Or if we take tlie mean afttr-lifetime, according to the Carlisle 
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Table, between the age* ot 10 and 60. for rough purposes it may be 
saiil : Of persoua agetl 10 years, the mean aiter-lifetime is 49 jeat% 
with a. diminution of 7 years for ever)' 10 years elapsed ; thus, of 
pefHona aged 30 yeara, the mean after-lifetime U 49-7=42 years ; at 
30 years of ace, 35 years, and sO on. The mean after-lifetime, atoording 
to mtferent life-tables, is shown in the table at p. 299. 

IJelails respecting the Amicable SocietT's xa,ble and the Equitable 
Table, the latter uf which gives the experience of the £uuitabie 
Society from 1762 U> 1829, of 5000 lives ; the Govoniment laUes, 
which give the exgierience of 22,000 govemnient aunuibuits; or the 
Experience Table, baaed on the recorded eiperience of seventeen life 
offices and 83,905 lives, cannot lie giten here. We mufit pase on to 
Dr. Parr's Life-Tables, which are baaed on the census and dcaih-retnms 
of the whole of England and Wales, aud not of insured and therefore 
selected lives like the preceding. 

Bug! i nil Life-Table, Ho. 1. Dr. Farr, believing that nothing short 

of a table based on the returns of the entire kingdom would be aaijs- 
factorj-, constructed his No. 1 Table, based on the census returns of 
1841 and the deaths of the same year (RrgUmr General'* Fifth Srj-ort). 
Thinking, however, that the records of one yeorV dmlht might be open to 
challenge owing to the tihort time embraced In them, he eunstrucled the 
EngliflE Life-Table, No. 2. This is founded on the census eniunera- 
tioMB of 1B31 and 1641, and the deaths of seven years are taken ; vit, 
those in 1841 and the three previous and tliree siibecinent years. It is 
thus based upon tile recorded ages of 13,896,79? + 1 S,914,l 48 = 29,810,945 
persona, and on the registered deaths of S,436,648 persons. 

The difference between these two English Life-Tables, as shawit by 
the number of sun'ivors at various agc^, oud by tlie mean aft«r-lifetime, 
is Blight. 

The EngliBb Life-Table, No. 3, constructed bv Dr. Farr, was based 
on the census enumerations of 1841 and 185 1, anil upon the 6,470,720 
deaths registered in the Hcvcnteen years 1838-64. 

For a detailed description of the methods of construction ot this 
table, the reader is referred to the English Life-Table, bv Dr. W. Fiirr : 
Longman and Co., 1864. 

The near agreement between the results obtained by these three 
English Life-Tables ia very remarkable, and shows that, spile of annual 
tluctuations, there was a fairly stationary mortality during 1838-5*. 
whii'h, we may add, continued up to the year 1871. 'The latter fact led 
Dr. Parr to abandon his intention of constructing a fourth English 
Life-Table down to 1872. 

The Healtlir Districts Life-Table was constructed by Dr. Farr on 

the basis of the mortality during the five years 1849-53, in sixty-three 
selected English diiitricts which showetl, duiiug the decennium 1841- 
60, a mean annual death-rate not exceeding 17 jwr 1000 persona living. 
As pointed out by Dr. Farr, it expreasea "very accurBlcly the aclunl 
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duration of life among the ilcrgy unil other i^loBstiG of the community 
living under favourable oircu install i'«s." It rcpresent«d alw a standard 
of healthiucaa already attained, and was therefore useful for purposes 
of compariaoii. This table is priuLed in the Tlitrty-tkird Annual Itqiort 
of the EiyutraT-Gerieral. 

Tlie Upper Class Experience Table wo-s (^otutruoted by Mr. C. 
Aiisell from data wjUciiied by him as to men of the upper and pro- 
feasioual classes, and given in his Statiilicis of Familta in the Upper 
ilml Prnfcsiional Chissa. 

The Healthy Males Table of the Institute of Actuaries is based on 
the experienue i>f the principal insurance office:: in regard to insured, 
and therefore exceptionally healthy, livea. 

The Clerical Experience Table is based on data respecting over 
.^000 tlcrgymen living between I76tl and 1860. 

Tlie nn gliah Life-Table by Dr. Ogle, published in the Supplement to 
llie Thirty-fifth Annanl Re)mH of the BegUtrar-GencriU, deals with the 
natioasl exjierience in the detenniuin 1871-eo,and that by Ur, Tatham 
with thiitfor 1881-Oa 

The New Healtby Districts Life-Table, by Dr. Taihnm, forma a. 
valuable indL'i of sanitary jirogross in recent yeata. Thus whertaa in 
1841-50, the priod dealt wilii by Dr. Purr's Healthy DistricU Life- 
Table, "less than 6 per cent, of the total population lived in districts 
the crude death-rates in which were below IT'5 per 1000 ; in 1661-90, 
on the other Iiand, no less than 25 per cent, of the population lived in 
districts the crude death-ral«s in which fell below 17-5 per 1000, and 
41 per cent, in disti'icts the crude death-rat«a in which aid not reach 
IQ'O per 10<XI." There are differences of age and sex -constitution to 
lie aliriwed for ; which has been done in the last decennial supplement, 
by obtaining death-ral«s in a standard population. When this nas been 
done, it is found tliat about one-sixth of the entire population, or 
4,606,503 persons, had death-rates below 15 oer lOOO in Ifi31-1». This 
new table is therefore calculated on 46 million years of life, a basia 
inora than nine times as great as that of the older table. 



CHAPTER XXIV. 

METHODS OF CALCULATING THE DURATION 

OF LIFK 

11HE duration of life is the problem with which vital statistics 
. arc largely occupied; while preventive medicine is largely 
concerned with endeavours towards the attainment of Isaiah's 
ideal (chap. Ixv. 20) : " There shall be no more thence an infant 
of days, nor an old man that hath not filled his days: for the 
child shall die an hundred yeiirs old." Although nothing is more 
uncertain than the duration of life, when the maxim is applied to 
the individual, there are, as Babbage has put it, " few things less 
sulyoct to fluctuation than the duration of life in a multitude 
of individuals." It is on this principle that annuities and life 
assurance can l)e made the subject of definite and exact calcula- 
tions, tlie final results being found to vary within but narrow 
limits. 

Several tests are employed to measure the duration of human 
life, and we are concerned in this cliapter to determine their 
precise value and the relationshij) existing between them. 

Those most commonly employed are : — 

(1) The mean age at death ; 

(2) The probable duration of life ; 

(3) The mean duration of life ; 

(4) The expectation of life, or mean after-lifetime ; 

(5) The number living out of which one dies annually. 

In a life-table or nonnal population, when all the lives are 
included in the calculation, the mean age at death, the expectation 
of life, and the number out of wliich one dies annually, are 
numerically identical. The thorough comprehension of this point 
will go far towards elucidating the relationship between the five 
above means of testing the duration of life. 
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In the construction of the life-table we have seen (p. 274) that 
when the sum of the nuoil^crs living at all the ages higher tJian a 
given ago x is taken, each li/'i is counted once for evert/ complete 
year it mirvivea qfler the age x. The suni total tepreeents the 
total number of complete years of life liveJ by the persona who 
enter upon the year of life j:. If this sum be divided by the 
uunil)er who, according to the life-table, enter upon this year 
of lite, the quotient will be the individual expectation of life at 
the age y, ho far aa complete years of life are concerned. (If we 
add to this amount liolf a year oa representing tlie average 
duration of existence during the u:^ year of life for those who die 
during tliat year, we obtain the complete expectation of life.) 
But the above sum (of the numbers living at all the ages above x) 
is also the numlier conatantly living in the place above the age z. 
Thus in the Brighton Life-Table out of 51,195 mole children 
at birth, aijtty-mno are left at the i^e of 9-5 years, and the sum of 
the number living at all higher ages is 44 -H 29 -I- 17 -H 10+ 6 

+ 4 -H 3 -I- 2 4- 1 = 116 years. l!ut 



l-6t 



= the individual cur- 



tate exi)ectaUon at the age of 95. The number 116 also 
represents the sura of the number of males constantly living in 
Brighton at ages above 95 out of 51,195 male children born, who 
liftve been traced through life in accordance with the mortality 
experience iu 1881-90. In other words, it repreaente the entire 
population aged over 95. Inasmuch aa these all die at this or 
some subsequent age, if we divide the entire population 116 by 
the number 69 who are living at the ^e 95, we obtain the 
number out of which one dies annually, which is identical with 
tlie expectation of life. 

In the preceding illuatratiou it has been shown that the 
numlier out of which one dies annually and the expectation of 
life are identical for the ogc 95. It can similarly bo shown that 
they ore identical at birth or any subsequent age. 

At birth the mean ago at death is also identical witli the mean 
expectation of life, as may be ascertained by the somewhat 
laborious method of dividing the sum obtained by adding together 
the total i^;es of the dying in each year of life, and finding this 
sum by the total number of deaths. 

Thus in a stationary or life-table population the following 
represent identical quantities : — 
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Mean age at death of persona at all ages 
S um of agea at death 
Total No. of deaths 
Numljer of po piilatioD 
• Xo. of deat)i3 in one year 

= Klean dnration of life 
or, Meatiexitectationof life Vat birth. 
or, Mean after-lifetime 



e Vat b 



In Dr. Farr'a Life-Tahle population, the persons bevome reduced 
to one-half in 45 years = the probable lifetime; the mean attta- 
lifetinie = 40-9 years, or very nearly 41 years; and thia^tJie 
mean agf* at deatli. In tiueh a life-table population to forty-one 
persouH living there is one birth and one deuth annually ; the rule 
of mortality ia one in forty-one ; and forty-one is the mean after- 
lifetime or expectation of life. 

Mean Age at Death = ^"" °f ^ ^t death ^^ ^ g^ 
number of deaths 
persons die at the ageR 10, 20, 30, 40, 50, their mean age at 
, ., 10-t-20-i-30-l-40-f50 „^ , ., , 

death = = = 30 years ; and if a second group 

of five die at the ago of 2S, 30, 45, 50, 70 respectively, their 

. J .1. 11 1. 25 + 30-!-45-(-50-h70 ,, 
mean age at death will be --=44 years. 

Assuming that these two groups of persons were exposed during 
life to similar influences, the question arises. Would the mean 
age at death of the two groups form a f<afe standard of com- 
parison between theml It sliouid l>e noted, to begin with, that 
the number of persons in the instances quoted is very small, 
and cannot therefore form a tnistworthy basis for comparison. 
But even if each group embraced a large number of persons, 
erroneous conclusions would certainly be drawn, as the age- 
constitution of the two groups is so different. In a normal or life- 
table population, the mean age at death is, aa already seen, the 
same as the expectation of life at birth. But in a jwpuiation 
like that of England and Wales, where the births constantly 
exceed the deaths, and the papulation ia an increasing one, the 
mean age at death is necessarily lowered by the large proportion 
of deaths of young children. On the other hand, when a high 
birth-rate continues for a series of years, there lieing added every 
year to the population mc^re than are taken from it by death and 
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ration, there results an excessive proportion of personii lietweeti 
ages of 5 and 56, during which [period of life tlie death-nite 
I below the average death-rate for all ages. Conaeqiieiitly we 
^ve the following facts for England and Wales in 1881-90 :— 





Bnglind Kd W>lei, 


M»lw. 


F.PU11M. 


Prnieut. 


Mortality 

Mean Agent Death' . , . . 
M«ttii Ei|*cUEiDn Df Life at Birth 


linlB 

so-s 

437 


33 

47-3 


Iin62 
321 
46-* 



• Ciilcul«l«i ipproiliiuitslr bj Dr. Htjwinl (Buydock Lffc-T»ljl«, p. W). 

The proportional mortality, and the mean age at death, are seen 
to bo lowered by the continued excess of births over deatlis, and 
are not etjual to llie expectation of life, as they would be in a 
lite-table popuktion. 

In rimlrastimj different nationg the mean age at death is a most 
fallacious teat, owing to variations in birth-rate and in migration 
of po]iulation. This is shown by the following table" from Farr'a 
Vital a/alietief, p. 473 :— 
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la 46 living 
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41 jean 
*0 .. 1 
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SB ., 
21 „ 


37 „ 

26 „ 


Surrey (extra-MettopoUtftn) 


., 62 „ 


34 „ 


45 „ 



It will be observed that in England, where the mean age at 
death was lowest of tliiee countries in 1841, the mortality was 
also lowest, but the true expectation of life, as deduced from a 
life-table, was highest; whereas if the mean age at death were 
a trustworthy test of the duration of life, a low mean age at 
death ought to he accompanied by a high mortality. 

It jaaj he inferred from the above table that the mortality 
(number out of whicli one death occurs), although it does not 
pretend to express the true mean expectation of life, gives a much 
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nearer approximation to it tlian docs the mean age at death. This 
will be at once seen if the mortality and expectation of life 
C(»lunins in the preceding table be arranged side by side, for they 
coincide in position in every instance, unlike the mean age at 
death, which gives very variable indications. 

(1) In con tnus ting the sajue country ai different periods^ similar 
fallacies may arise. Thus 49 per cent of the total population was 
under twenty in England in 1821, but in 1891 only 45 per cent, 
which would have considerable effect on the mean age at death. 

(2) AVe have seen tliat urban populations consist in a much 
larger proportion of persons under forty than do rural populations. 
Similar differences may exist l)etween the several districts of laige 
cities, and QoiTcction for different age-constitution of popidations 
may sometimes reverse the apparent |>osition of the populations 
under comparison. 

(3) In the comparison of different classes of society, and those 
on^a*:je(l in difiercnt orcupations, serious errors have arisen by the 
us(? of this test to determine their relative vitality. It would he 
absurd, for instance, to draw any inferences from a comparison of 
the mean a<;cs at deatli of bishoj)s and cuRites, as men do not 
usually become l)isliops till they have ]>iissed the middle period of 
life. kSiniihirly in euin])aring the gentry with tradesmen. Many 
gentry are retin?d tra(h;smen, and their mean age at death is 
then^fore hi*xlier tlian that of tradesmen. A Socialist leader in 
1S90 staled that the mean age at death of workmen was 29-30 
years, of the woll-to-do chusses 55-60 years. This statement does 
not shed any light on the relative vitality of the two classes under 
comparison. It simply sliows that the Trade Union Societies, 
fi'(jm which some of the above figures were derived, consisted 
largely of young men, whose age at death, if they died at all, must 
necessarily be lower than that of the well-to-do classes, consisting 
as tlfey do in a large measure of persons retired from active work. 

The acce])tance of the mean ago at death as a test of the 
duration of life is a fragment of the error involved in the con- 
struction of a life-table from the deaths alone, as in Dr. Price's 
Northampton Table (see p. 287). 

Effect of Birth-rate upon the Mean Age at Death. We 

have already seen that in a stationary population unaffected by 
migration, in which the birtlis equal the number of deaths, the 
ex])ectati(m of life at birth is identical with the mean age at death, 
and with the number of the po])ulation out of which one death 
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annually occurs. Inasmucli as ths births and deaths art equal ia 
number, the mean age at death ia also equrd to the imiuhet out of 
■which one aunual birth occurs. In a nou-atationary population 
the state of matters is altogether different. 

The late Sir B. W, Ricliardson claimed for the inhabitants of 
Ilia " Hygeiopolia " that tfieir death-rate would be reduced to live 
per 1000. It was soon afterwards asserted in the Times that this 
would imply a mean duration of life (using the term in the sense 
of mean age at death) of 200 years, and that afortwri Sir B. W. 
Richardson's anticiimtions were absurd. It is only, however, where 
the population is stationary that the mean age at death would be 
200 years; and under existing conditions the above anticipation 
was not quite bo absurd as it appeared. 

Dr. Bristowe, in the St. Thomas's Hospital Report for 18T6, 
worked out the influence of variations in the birth and death-rale 
on the mean age at death. He assumed the simplest condition of 
things, viz., that in each case the birth-rate and death-rate continue 
Moiform from year to year; that no immigration or emigration 
occurs ; and that every individual born into the population attains 
the mean i^e, or, in other words, all the inhabitants die nt the 
Game age. Under these conditions, where the births exceed the 
deaths, the population, births and deaths, all increase from year to 
year by geometrical progression. 

Let number of population from which we Btart = l, and ft = 
birth-rate, and fi = death-rate of this unit, and i- = its annual 

- Then the following three series will represent the annuo] growth 
of the population, of the births, and of the deaths re8iM?ctively. 







BlrUii 


D«Uu. 


IstTtar 

2ud 

3rd 

4th ., . . . 
«th 




b 

6(1 +r) 
ftd + r)' 
h[\^rf 

i(i +'■)-' 


d 
rf(l+r) 
rf(l + r)' 
rffl + r)" 
rf(l + rr' 



According to the hypothesis with wliich wo started, all the 
persons born in any one year die together in the course of some 
subsequent year, and the number of that year, reckoning from the 
time of births, is the mean age at death. It is evident, there- 
fore, that if we can ascei'tain the number of that term in which 
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i?(I + r)""' = b, tlie value of the index n-1 will represent the n 
age at death. I,et / = the value of the unknown indes. 
Now from rf(l + j-)" = 6, we obtain 



(I+r)- 



I- 



and taking the log. of each 
^log.(l- 



de of this equation, 

■) = log. b-log. d, ^M 

. jog. &- log ..? H 

log.(l+r)' H 

from whicb e<;|uation the value of a^ ia easily detennlned. 

Tlie aaauroptions made as to the confititution of the population 
and their uniform age at death are alisent in experience ; and the 
fonnula cannot be applied under the actual conditions of any 
known community with advantage. It is useful, however, as indi- 
cating that a high death-rate ia not incompatible with loi^vitj ; 
and that a low death rate, apart from any consideration of the 
hirtli-rate, does nut necessarily imply a long-lived population. 

Mean Length of Life. The term "mean length of life" has 
l>een employed by I'tofessor Coriiold to indicate the figure obtained 
by the application of the preceding fonnula to the birth-rate and 
death-rate of the parish of Si, (Jeorge, Hanover Square, London. 
The fonnula ehows a much more favourable result for this parish 
than for many other parts of London. For the reasons given 
above this test cannot be considered to possess any value. The 
birth-rate can only influence the death-rate by altering the pro- 
portionate number of persons living at different ages, and therefore 
exposed to the varying chances of death associated with these 
ages. If there ia a large excess of persona living at ages under 5, 
tlie "mean length of life" will be low, because about 6 per cent 
of these children will die. If there happen to be a large excess 
of persons living at the opposite extreme of age, the "mean length 
of life" will be high. Consequently there are only two means of 
accurate comparison of the vital statistics of different populations, 
(a) The best is tlie comparison of expectations of life derived from 
a life-table. (6) Tlie next best is the statement of the deaths at 
each age-group in proportion to the number living at tlie corres- 
ponding age-group. 

Dr. Kumsey urged that returns should be made of the msaB 

~~., r ii. T_j sum of ages of population at census 

age of the living = ^—, '— =— .- — — — as a co^ 

number of population 
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rective of the fallnvics conncicted 'with the mean age at death. He 
adcla it is now " clear that the average duration of the Uvea of those 
who die in any place or comitry does not imply the average age of 
those who live there, any more than it meona their average ' ex- 
pectation of hfe.' " He gives the following example, taken from 
the experience of the metropolis a quarter of a century before 
the date of his remarks: "Paradoxical as it may eeem to the 
uninitiated, one out of forty-one may die annually, the mean age 
at death may be twenty-nine, the mean age of the living may be 
twenty-six, and the mean expectation of life may be thirty-Beven, 
in the same population at the same time." (Estai/s on some 
Fallacies of fitatixtiea, 1875, p. 211.) Sir E. Chadwick found 
that in fairly healthy districts tile mean ago of the living was to 
the mean age at death as about 3 to 4, while in insanitary 
districts with shifting and increasing populations the line of 
vitality was higher than that of mortahty. But this is due to 
the fact that under insanitary conditions a high mortality spends 
itself chiefly among young children, and, in addition, there are 
always .crowds of young and healthy persons ready to immigrate 
from coimtry to town, thus lowering the mean age of the town 
populfltiou.s, among whom insanitary conditions are eH]i©cially rife. 
On the whole, therefore, the mean age of the living as a test of 
the duration of life is as untrustworthy as is the mean age of 
the dying. 

The Probable Dotation of Lifo (also called equation of life, 
or vie prot'ohle) is a term used to signify the age at which any 
numlier of children bom into the world will be reduced to one- 
half, so that thei'e ai^ equal chances of their dying before and 
after that age. The name is unfortuuutc, as every possible 
duration of Ufe has a prohahility which may be determined, and 
is therefore mathematically a "probable lifetime." Using the 
term in its limited sense, the English experience in 1838-54 gave 
a probable hfetime for males at birth of 44-45 years, whUe 
according to the experience of 1881-90 it was 51-52 years. 

De Uoivra'a Hypothesis. This assumed that the decrement of 
population are in arithmeticid progression, and that of every 
eighty-six persons bom, one would die uniformly eveiy year until 
all were extinct. Such an assumption was convenient in the 
calculation of annuity Uihles, before accurate life-tables were 
constructed. According to this hypothesis there is no such function 
as the probable duration of life, the probability of death in any 
year being as great as in any other. It confessedly errs greatly at 
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the beginning and end of life, and ia only a very rough approsuna- 
tion to the truth for the iiiidiUe period of life. 

The Meas Bnration of Iiife, or me inoyatne, is a term which 
has unfortunately been emjiloyed with different significations. 

Tlie following table of the diverse mathematical escpressiona to 
which the name vie 7noyefme has been given ia taken from Bertilko 
(oji. fit p. 7B) :— 

ViH MoTESN-i, Fbahcb, 1840-49. 

True t^ ntot/entte (eipectation of life) 
Mean age of persona enumerated at censOB 

„ decwised i>er«ons .... 

Number of population out of whii^h one birth occurs 

i> ,> •. .1 death « 

Mean lietireen the two preceding values (Price's formula) 40-78 ' 

Vie probahk, accoiiliiig to life-table 43-30 

„ „ „ death-returns .... 33.50 

In a stationary population, undisturbed by migration or other 
causes, expectation of life and the mean age at death are, as we 
have already seen, identical. In populations ns ordinarily con- 
stituted the term "mean duration of life " should not be employed 
except as synonymous with expectation of life or mean after- 
lifetime ; and having regard to its loose application it would be 
preferable to drop it altogether. By some actuaries the term is 
employed somewhat differently from the term expectation of life. 
Thus at birth both expectaticin and duration of life according to 
the English experience of 1881-90 was 43"66 yeara for miUes; 
while at the age of 30 years the expectation of life for moles was 
32'52 years, and the true mean duration of life for men aged 30 
years was 30-t-32-52 = G3-fi2 years. In other words at dl ages 
after birth the mean duration of life is the present age added to 
the expectation of life. This distinctive use of the term " duration 
of life " is not adopted by Milne and Farr, and ia only mentioned 
here to avoid possible confusion in reading the literature of life- 
tables. 

The Expectation of Life (synonyms : mean after-Ufetime, mean 
duration of life, vie moyenne) is found as already described (p. 261 ) 
from a life-table. A life-table shows how many of a given 
number, started with at a given age, live through each subfiequent 
year of life, and what is the sum of the number of years they 
live. The expectation of life is obtained by dividing the snm 
of these years by the number living at the year of Dge from 
which the expectation of life is desired. 
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For the expectation of life in selected healthy districts of 
England see p. 308. 

A number of local life-tables have been constructed, based on the 
experience of the decennium 1881-90, and a comparative view of 
English experience in different localities can thus be obtained : — 

Expectation of Lipe. 






Tetra 

of 
Age 










MAT<B8. 








London* | Brighton t 
(Murphy) , (Newsholme) 

1 


Portsmouth 
(Mumby) 


ManehMtert 
(Tatham) 


Oldham t 
(TattenaU) 


Haydock, 

Lane.9 

(Hayirard) 


Glasgow 
(Cbamben) 


40*66 


43-59 


43-68 


Town- 
ship aty 
28-78 84-71 


86-88 


46-17 


85-18 


6 


50-77 


52-87 


52-86 


40-58 45-59 


46-90 


53-81 


46-97 


10 


47-22 


49-12 


48-64 


37 47 42 76 


43-81 


60-12 


44-82 


15 


42-88 


44-67 


44-27 


33-56 88-78 


39-59 


45-91 


40-51 


20 


38-70 


40-55 


4006 


29-61 34-62 


35 73 


41-46 


36*90 


25 


34-70 


36-51 


36-10 


26-00 30-69 


31-96 


37-00 


33-29 


35 


27-39 


29-02 


28-75 


20 01 28-76 


24-82 


28-81 


26-06 


45 


2100 


22-36 


22-06 


14-93 17-80 


18-44 


21-98 


19-54 


55 


1531 


16-48 


15-98 


10-96 12-49 


12-83 


15-24 


13-39 


65 


10-59 


10-96 


1034 


7-48 8-15 


805 


9 


9*38 


75 



7-20 


6-64 


5-76 


4-74 511 


4-93 




5-96 


FEMALES. 
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. ' . 

32-67 38-44 
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1 
46-95 


87-70 
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54-42 


57-36 


53-45 


43-66 48-06 


49-97 


54-41 


48-27 


10 


50-95 


53-60 


50-39 


40-94 45-43 


46-44 


50-37 


45 44 


15 


46-65 


49-26 


46-37 


37-05 41-50 


42 33 


46-20 


41-59 


20 


42-45 


44-95 


42-23 


33-08 37-33 


38-47 


42-11 


38 00 


25 


38-34 


40-68 


38-30 


29-41 33-38 


34 65 


38-36 
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35 


3069 


32-69 


30-97 


22-90 26-30 


27-63 


30-98 


28-06 


45 


23-80 


25-30 


24-14 


17-20 19-79 


20-57 


23 07 


21-61 


55 


17-34 


18-48 


17-46 


12-25 13-91 


14-10 


16-30 


15-60 


65 


11-78 


12-19 


11-08 


8-54 9-11 


8-87 


9-91 


10-69 


75 


779 


6-97 


6-12 


6-03 5-76 


5-16 


5-85 


6 97 



* The London Life-Table was calculated by Farr's "short method.** 

t The Brighton and the Oldliam Life-Tables were constructed by the 
graphic method. 

t Dr. Tatham has constructed three life-tables for Manchester: for 
Manchester city, including all the townships of which it consists ; for 
Manchester township, the central and most crowded part of the city ; and 
for Manchester outlying townships. 

§ The Haydock Life- Table was calculated by a modified short method. 
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It should be observed tliat the exjwutation of life is the average 
niunber of years which persona of a given age, taken one with 
another, live, assuming that they die according to a given table of 
the probabilities of Ufa. The term " expectation of life " does 
not imply that an individual may reasonably expect to live a 
giveu number of years. The excess of those who die late is 
distributed among those who die early, "those who live longer 
enjoying as much more in proportion to their number, as those 
who fall short eiyoy less of life." Thus tlie expectation of life 
has no relation whatever to the most probable lifetime of any 
given individual. 

Many attempts have been made in the absence of a life-table 
to ascertain the expectation, but none of them give trustworthy 
results. 

The formola of Willich gives approximate residts for ages 
between 25 and 75. 

It is as follows : — 

U x= expectation of life, and a= present age, then 
« = |(80-a). 

Thus at the age of 46 years the expectation of life accoiiliiig 
to thie formula = f (80 - 45) = 23-3 yeora. According to the 
English Life-Table (p. 299) it varies from 22 tor men to 24 for 

Dr. Briitoim'i formula has been already given, and its limita- 
tions explained (p. 295). Dr. Farr gave the following formula, 
for obtaining an approximation to the expectation of life at birth 
when the birth-rate and death'rate are known. 

If i = birth-rate and d = death-rate per unit of population, then 

the expectation of life = ( t " -, ) + ( s x t )■ 

Thus in the decenninm 1881-90, the birth-rate in England and 
Wales was -03234, and the death-rale -01908 per unit. The 



expectation of Life = f^ x 



+(5" 533534) -*''■'''"""•'''''" 

I Life-Table for males 



■01908/ 
the expectation of life shown by the I 
and females combined was 45-4 years. 

These formula might be used without misleading to any con- 
siderable extent when applied to a given community for successive 
years. They would be uiiBleading if employed for comparing com- 
munities liaving widely dlfTerent birtli-iates. 
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FrobabilitieB of Life. It is soiuetlnies desirable to i 
not only the probable duration of life, but also the probatulJty ol 
dying witliin a given period. 

In DLatbeutaticol luoguage, the words ekafiet and prohaJiUiiy arc 
used as synonymous ; but in oommon langit^e tlie firet word ia 
used when the expectation that on event will happen is small, nnd 
the aeuond when it is large. 

If the number of possible events = a + b, of which o are 
favourable and h unfavourable, and if j? = the probability of a 
favourable event happening, and q - the probability of an unfavoiit- 
able event happening, then, on the supposition that one of these 

events happens, p = 



= — — T ; where ^ + ^ = I, or certainly. 

Thus, if we wish to find the probability of a man aged 30 
living till he is 50, and also the probability that he will die before 
that age, we consult the life-table for males. From this we &h1 
that tiie number living (out of a million males bom) at 30 is 
669,279 ; at 50 ia 517, 639. Therefore the probability of a man 
aged 30 living to 50 = ^-lg||. 

And as 669,379 - 517,639 = 151,640 = the number dying during 

., - J .. f 151640 , 517639 , ,.,.. , 

the period ; therefore ggg^, or 1 - ^^^ = probability of 

dying between 30 and 50. 

If there be several independent events, the probabiliticiS of 
the happening of which are respectively p^, p^ p^ etc, then 
the probability that all the events will happen is p^ xp^ np^ x el*.; 
that all wiU fad (1 -p^) (1 -p^ (1 - p^) etc.; that at least one 
event will happen, l-(l-p,) (l-p.^) (1 -J'a) etc; and that 
exactly one will happen and all the rest i&A, p-^{\ - p^ {\-pti 
ctc.+jj,(l -i>,) (1 -Pa) etc.+/.s(l -j'l) {1 -pj)ete. + etc. 



Thus, ii p=- 



-and/,,= 



L, then the probability tliat both 



will happen ia - - ■ x ^ and the probability that neither will 

happen ia thia amount subtracted from unity. 

Thus, the probability that a maiTied couple — the hushand'e age 
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By the English Life-table, 1881-90, out of 1,000,000 of each 
sex at birth, there are — 

Of males at 40 years old, 604,923 ; at 55 years old, 462,981. 

Of females ,, 35 „ 638,912;,, 50 ,, 516,375. 

The probability of both these persons surviving 15 years 

. ,, . ^ 462981 516375 , . , a , - 

from their present age = ^^^^^^ x ^^37^7^, which product gives 



604923 638912' 



the required result. 



CHAPTER XXV. 



CHANGES IN THE ENGLISH EXPECTATION OF LIFE. 



IT is plain from the facts detailed in the next chapter, that in 
1871-80 the death-rate among adults was somewhat higher 
than it had previously been, while that at earlier ages was 
considerably lower, but that in 1881-90 there was no further 
increase in the adult death-rate, although persons over the age 
of 45 only shared to a slight extent in the marked decline in the 
death-rate at earlier ages, which had been showing itself. 

The following table brings the comparison up to recent years : — 

Annual Death-rates per 1000 Living at Twelve Aoe-periods 
IN Groups op Years. England and Wales. 
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:)2-o 

52 


4-9 
4-5 


2 '9 
2-7 


41 
4-0 


5-2 C-9 
4-9 6-7 


10-3 
10-3 


15-0 
15-3 


28-8 
■29-8 


61-7 
62-8 


132-3 
136-1 


-276-2 
2038 

1 



The death-rates shown in the above table may \ye described 
as practically stationary. It is highly probable that influenza and 
its complications are responsible for the fact that 1891-95 does 
not compare more favourably than it does with 1886-90. 

A cursory perusal of the preceding facts may suggest the con- 
clusion that, as there has been but little decline in the de^th-rate 
affecting those who are living in the most useful working period 
of life, the gain to the community is correspondingly small 

But such a view of the matter loses sight of the important 
fact that a larger proportion of those horn survive to the non- 
dependent or useful ages. This is brought out by the life-table ; 
and the only non-fallacious method of studjdng this question is 
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by means of a life-table founded on the niiml*!' living and thn 
number dying at caoli age. 

The facts are so well summarized by Dr. Tatham in liis account 
of the English Life-Table for 1881-90, that his account is repro- 
duced here verlnitim. . 

"Males. By the table of 1838-54, a million males bom are 
reduced to half a million during the 45th year of age; by the 
table of 1871-80, tins amount of reduction is nut reacheil until 
the 48th year, and by the new table it is ftu1.her [lostponed until 
the 52nd year. At tlie end of the first year of age the number 
of survivors by the new table occupies an intermediate position 
between the numbers by the two previous tables ; at every other 
age until 79 the new table shows a larger number of survivors 
than is shown by either of the older tables; from age 84 onwards, 
the survivors are fewer by the new table than by either of the 
others. This change is probably due, in part at least, to more 
accuiate atatemeut of age in recent than in earlier years. 

"The average lifetime of males, or the expectation of life at 
birth, which had been 39'91 years by the first of the three life- 
tables, and 4r35 years by the second, is furtlier increased by 
(he new life-table to 43~66 years : that is to say, a male exposed 
throughout life to the rate of mortality obtaining in England and 
Wales in 1881-90, would on an average live 2'31 years longer 
than he would have lived bad he been subject to the rates 
prevalent in 1871-80, and 3'75 years longer than he would 
have liveil had he been subject to the rates prevalent in 
1838-54. In the last decennial report it was shown' that 
the exjtectations of life among males by the life-table therein 
published were higher than those by the earlier table for ages 
below 19, equal thereto ut age 19, and lower at all subsequent 
ages. TliB new life-table shows improved expectations of life, 
compareii with those in the earlier tables, np to 26 years of age ; 
from age 27 until age 44 the expectations arc lower than those in 
the first table, but higher than those in the 1871-80 table; for 
ages 45 and upwards the expectations of life are lower by the 
new table than by either of the others. 

" According to tiio first life-tohle, tlie 495,770 survivors at age 
45, out of a million niale« bom, will live about 11,284,000 years 
, of life, or an average of 22-76 years each ; accowiing to the 
second life-table the 522,374 survivors at the same age will live 
about 11,529,000 years of life, or an average of 22-07 years each; 
and according to the new life-table the 564,437 survivoie ut the 
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same age iriU live 12,451,000 years of life, or an avenge ot SS'OO 
ycore each. The siicceasive aildilions to the working time of lif« 
may be ehown in a atrikiiig form by considerisg the years lived 
hetweea the ages 20 and 60. A short calculation shows that 
thi? average auoibers of years lived between these limits of age 
by each male Iwni are 20-92, 22'00, and 23-56, respectively, 
according to the three life-tables. 

"Femaimi. Bj the two earlier tables a million female childwn 
horn were reduced to half a million in the 47th and 53rd jeittt 
of age resjiectively ; by the uew tabic this amount of teductioD 
is not reached until the 57th year. Aa in the cuae of mal™, 
the number of infants surviving at the end of the lirst yeai 
of life by the new table is intermediate between the numbcn 
similarly surviving by the earlier tables. At all other ages unlil 
85 inclusive the numbers surviving are greater by the new table 
than by either of the others ; but as is also the case among males, 
the numbers of survivors at extreme ages diminish more rapidly 
by the new table tlian by either of the older ones. The ex- 
pectation of life at birth, which hod been 41 -85 years and 44 62 
yeara res]>ectivcly in the earlier table?, is further increased by 
the new table to iT-lH years. The o.\])ectations at the several 
ages up to 44 years are greater by the new table tlian by either 
of the others. At age 44 and ^ain at age 46 the expectations 
of life by the three tables are practically equal, Iwing 24'72, 24-74, 
and 24-75 respectively at age 44, and 24-06, 24-06, and 24-05 
at age 46. At all ages beyond 45, the expecbttions of life are 
[ess by the new table than by either of the previous tables. 
The average numbcra of years lived lietween the ages 20 and 60 
by each female bom are 21-65, 23-48, and 25-12 by the three 
life-tables respectively." 

It is clear from the above facta, even when 1871-80 is com- 
pared with 1838-54, that, as pointed out by Dr. Ogle, the 
survivors at the end of the 45th year are bo much more numerous 
than they were under the rate of mort4ility prevailing in 1838-54, 
that "they can support the higher mortality of after years for 
a considerable period and yet retain their numerical sujwriority." 
Thus the aggregate life of the community at the most useful 
years of life is greater than under former conditions. This is 
true to a much greater extent for 1881-90, when the deatlt-rate 
in adult life was lower than in the preceding decade, and the 
number of survivors from eai'lier agea was greater than in either 
of the two preceding national Ufe-tablea, 
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The atudent's atteatiou may be cnlleil in passing to a coni|>arieoa 
of the tables oti pp. 315 and 307 (below). The Brat table shows 
that the death-rate among males was lower, with a aohtary and 
slight Exception, at every age period in 1881-90 than in 1871-80. 
The second table shows the apparently inconsistent fact that, 
notwithstaniliug the lower death-rate, the male expectation of life 
was leas favoiu^ble at ages over 45 in 1881-90 than in 1871-80. 
The key to the anomaly is found in the fact that the expectation 
of life at any given age takes into account the total number 
of aurvivora from all lower ages, and these were more numerous 
out of a given number at birth, according to the experience of 
1881-90, than according to that of 1871-80. 

For the purpose of easy comjmriaou the facts tabulated on p. 299 
may be slioivn by differences as follows : — 

IxcBEASB OB Dechbase of Expectation of Life at Five-Yearly 

ISTERVAI^ OF AOE, THE ENGLISH LiIFB-TaBLE foh 1871-80 BEIKa 
COUl'ARBIl WITH THAT FOR 1838-54, AHD THE EHQLISH LIFB-TaDLE 

FOE 1881-90 WITH THAT t^R 1871-80. 
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FEMALKH, 


Age. 


Incrc»»orD«™«of 


lBcr™morDocr«»of 






















coinpsretl with coini«nid with 




lesa-si. 


ISTl-SO. 


im-M. 1871-80. 


. . . 


+ 1-44 


-^a•3l 


+ 2-77 1 -h2-6S 


6 






+ 1-16 


+ 1-88 


+ 276 +1-84 


10 






-H0-B6 


-H-40 


-1-2-09 -H-34 


16 






-hO'ia 


-n-oa 


-I-I-73 -(-0-B2 


20 






-0'08 


-)-0-87 


-hi -37 -hO-79 


as 






-0-44 


+ 0-80 


+ 0-B4 +0-52 


30 








-h0 4y 


+ 0-80 -hOS6 


39 








-1-0-27 


+ 0'31 1 -t-o-ae 


40 






-078 


+ 0-12 


+ 012 1 +0-U 


4S 






-0-69 


-O'Ol 


0-00 


-0-01 


60 






-0'61 


-0-11 


-0-07 


-0-12 


66 






-0-50 


-0-21 


-0-10 


-0 10 


SO 






-0'3B 


-0'28 


-0-10 


-0-14 


86 






-0-27 


-0-24 


-0-07 


-0-18 


70 






-0-18 


-0-23 


-0-07 


-0-ia 


76 






-0-15 


-0-24 


-0-08 


-0-19 


80 






-0'14 


-0 27 


-0'06 


-0-20 


8S 






-017 


-0'27 


-0-10 


-017 


M 






-018 


-0-29 


-O-ll 


-0-13 


85 






-0-18 


-0-20 


-0-12 


-0-12 





308 



VITAL STATISTICS. 



The real facts of the case are brought out clearly when the 
figures contained in the fourth column of the life-table on p. 275, 
or the corre^sponding figures in other life-tables are examined. 
The number in tliis column opposite any age represents the total 
numlKT living at all higher ages, or the total number of years 
lived by them. Thus in the Brighton Life-Table 51,195 males 
born live 2,206,174 complete years, 38,283 living at the fifth 
year of age subsequently live 2,005,945 complete years. 

Hence 2,200,174 - 2,005,945 = 200,229, the number of complete 
years lived l)etween birth and 5 yeare of age, and the average for 
each is obtained by dividing by the numl)er living at the earlier age. 

In the following table {Retjistrar-GenerdCs Decennud Suppleinerd, 
part il p. cxiv) Dr. Tatham shows how the mean lifetime or expec- 
tation of life is distributed in six life-tables over several life-periods. 



Life Period. 



Age-limits 
of Period. 



Lenf^th 

of 
Period 

in 
Years. 



Infancy 
School age 
Adolescence 



Maturity 



Decline 






0-5 
5-15 
15-25 
25-35 
35-45 
45-55 
55-65 
65 and up- 
wards 



Total 



All ages 



5 

10 
10 
10 
10 
10 
10 



England and Wale.. '' ^aj;^ 



|l 



1838-54.11871-80. 



Towii- 
I nhip. 



Selected 

Healthy 

Dirtricts. 



1881-90. ll>J*l-«)- 1 184tW»3. 



1881-90. 



HALES. 



3-94 
6-92 
6-51 
5-95 
5-31 
4-54 
3-55 

319 



39-91 



4-01 
7-11 
6-79 
6-29 
5-62 
4-76 
8-63 

3-14 



4-02 
7-35 
7-12 
6-69 
6-04 
5-16 
3-96 



3-51 
6-95 
5-55 
4-90 
8-89 
2-71 
1-61 



4-29 
7-88 
7-50 
6*95 
6-37 
6*72 
4-82 



3-32 I' 0-76 I 5-03 



41-35 



43-66 



28-78 



48-56 



4-30 
8-13 
7-89 
7-49 
6-95 
6-25 
6-22 

5-25 



51-48 



Infancy 
School age 
Adolescence 



Maturity 



Decline 



Total 



5 
5-15 
1 5-25 
25-35 
35-45 
45-55 
55-65 
C5 and up- 
wards 

All ages 



FEMALES. 



1 

5 1 


4 07 


4-14 


4-17 


3-71 


4-39 


4-43 


10 1 


7-19 


7-40 


7-68 


6-32 


8 07 


8-41 


10 ' 


6-73 


7-07 


7-44 


5-92 


7-61 


8 12 


10 


612 


6-58 


6-99 


5-35 


i 7 00 


7-69 


10 


5-46 


5-95 


6-38 


4-50 


6-37 


7-15 


10 1 


4-73 


5-20 


5-63 


3-42 


5-71 


6-58 


10 1 


3-82 


4-21 


4-56 


2-16 


4-89 


5-60 


1 


3-73 


4-07 


4-34 


1-29 


1 5-41 


6-11 


1 

1 


41-85 


44-62 


47-18 


82-67 

1 


49-45 

1 


54*04 



ENGLISH EXPECTATION OF LIFE. 

Comparing the three national life-tahles with each other, it will 
he seen that the expectation of life lina improved at all age-periode, 
and not only at the earlier tige-perioda, in which the chief reduc- 
tion of death-rate has occurred. 

Dr. Tathain has summamed the teaching of the above table in 
the fijllcm-ing;— . 






EngUiiU ana W 


Bleu. 


'ZTJ;^'' 


8=lMb3.1 HMiaiy 


1«3S-M. 


.«1-«K 


mi^. 


IMB-S». 


mi.>o. 




3iW 




WD7 
MW 


.8-M 


11 -w 


ss«o 


6. 


SI 


IS 


43 




<8 

70 



d 



Taking the age 15 to 65 to reprcBent the effective or working 
period of life, it will be aeen that men on an average have a, longer 
lifetime in this [leriod of life, according to the experience of 
1881-90, than in either of the earlier Ufe-tahlea. 

It U somewhat remarkable that in all the above six life-tables 
the proportion of the total lifetime which ia lived between the 
ages 25 and 55 differs very little from 40 per cent Dr. Tatham 
adds ; " It follows that in each of these nix life-tables about 60 
per cent, of the average lifetime ia lived partly before 36 years of 
age, and partly after 65 years of age ; and the distribution of this 
GO per cent, between the earlier aud the later ages would there- 
fore enable ua to distinguish between life-tablea for healthy and 
I for unhealthy districts or periods without referring to the re- 
mean lifetimes." 

Health; Districte Experience. The basis of experience on 

4tich the new Healthy Districts Life-Table has been calculated 
)l Btated on p. 289, and the facta as reganls infantile mortality in 
B life-table are given on p. 123. The tables on pp. 308 and 309 
U enable a more complete comparison for other age-periods to be 
i between the two tieolthy Districts Lite-Tables and Life- 
es for Manchester Township, and for the whole of England 
1 Wales at different periods. 
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Local Experience. A einiUaT compuHson between the expc 
of dilitrent great towns in the Juuennium 1881-90 can 
by means of the data which are aununamed on p, 300. 

Life CapitaL In a valuable Report on the Health of Grealer 
Mmu-heiter, 1891-93, Dr. Tatham has shown tow the life-table 
may be applied to ascertain what he happily describes as, the life- 
capital of a comntnnity. As alreEtdy seen, the number of persons 
living at any age in a lifo-trable represents it cerUin number of 
years of life, which number is measured by their exiwctalions of 
hfe as shown in the life-table. 

The following formula gives the means for determining the 
mean exjjectation of life or after-lifetime of persona in groups of 
ages, like those in which death-rates are usually stated. 

The future lifetime of Ix persona is Qx, and the mean expectation of 
life of each of these persons is ^. The future lifetime of Pr persons 

living at all ages between x and «+ 1 ia Q— -^ the mean expectation 

of life of each being ^ - J. The future lifetime of Pf\-Px^\+ 

+Px+n-\ peraons living at all ages lietween xandx+n is 

(0. + gx-H+ ■^Q^-^n-\}-\{Px-\-Px-V\+ + /». 

and their mean expectation of life is 

Ox + 0*-n + ftr+,-i _. 



In the above formula i 



will be noted, to take an example, that 



Thus in the English Life-Table 



A1boPb = 381410-(-_- 






Tlie method can he shown by the following illustration from 
the Brighton Life-Table. In addition to the columns printed on 
p. 275, two fui'tlier columns are required, viz., Fj,, the mean popu- 
lation for each year of life, and Q^ the population or yeare of life 
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lived in and above eacli year. For all years of life except the 
first Pi is taken aa tlie arithuietiwil mean of l^ and ^^-41, as in the 
English Life-Table for 1861-90. For the first year of life a 
special method is required. 

(a) In the English Life-Table, 1881-90, it is aaaumed that each 
male dying dupng the first year of life enjoys 'STSSS year of life, 
and each female '38280 year. 

This figure is obtained aa follows. According to the English Life- 
Table for males 

Mean population 0-1 = Pi = 457817 
Population at age 1 = /i = 427164 
Difference = 30633 
This is the numlier of years lived by the do = 81996 males dying 
during the first year of life. 



1 tlie first year of 



.'. the average lifetime of the iiiales dvi 

If we assume that the same proportionate amount of life holds 
good for those dying in Brighton in the first year of their life, then 
lo- h = 51,195-43,315 = 7880 

= the number of males dying in 
tlie first year of life. 
7880 X -37539 = 2958 = number of yeare lived by those dying in 
the first year of life. 
But those surviving to the end of the first year live 43,315 years. 
,'. 43,315-h2958 = 46,263 = total number of years Uved in the 
first year of life, i.e., the mean population for that year. 
In subsequent years the arithmetical mean is taken, i.e., 

2 ''' 

For the sake of convenience the above method has been 
adopted here. 

(6) It would have been practicable to deduce the mean number 
living 0-1 from the recorded proportion of deaths occurring at 
each month of the first year of life. Thus 51-1 per cent, of the 
deaths under one occurred under 3 months of oge, 22'2 per cent, 
at ages 3-G months, 14*5 per cent, at ages 6-9 months, and 13'3 
per cent, at ages 9-12 months. 

To obtain accurate resulto it would be desirable to subdivide 
still further. Thus out of 114 male deaths aged 0-3 months, 
76 occurred under 1 month, and 44 under 1 week of age. 
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Applying the preceding fonnula to the Brighton Life-Tahle, the 
following result is obtained : — 





Sam of McftD 


8nm of Populations 


Jlean Expectation , 
of life in | 


Age-gronp«. 


PopuUtions ri>r 
eftcli Ago-group. 


at «acli Aj^group 




and upward«. 

• 


groups of Agea. 


0- 4 . 


205692 


10876144-6 


52-88 


5- 9 . 






188760 


9748089 5 


51-64 


10-14 . 






185843 


9091081-5 


48-92 


15-19 . 






182876 


7887198-5 


43-18 


20-24 . 






178819 


6980698-5 


39-04 


25-35 . 






340826 


11336356-0 


88-26 


85-44 . 






280067 


806-2297 


28-79 


45-54 . 






259762 


5187970-0 


19-97 


55-64 . 






219161 


2842473-0 


12-97 


65-74 . 






124983 


1188580-0 


9-47 1 


75-84 . 






50220 


282970-0 


5-60 


85 and upwards . 




6160 


22492-0 


3-65 



If we compare the actual number of deaths in Brighton in 
1897 with those \vhich would have occun'ed had its population 
sufFered from the mean death-rate of the ten years 1881-90, 
we obtain the following result : — 



A^o-periiKl. 



0- 

5- 
10- 
15- 
20- 
25- 
35- 
45- 
55- 
(J5- 
75- 
85 & upwards 



Moan 

Male 

Popula- 

tiiin in 

isy;. 



ll»>an 

Dcath-ratt* 

in 



6218 


64-01 


6340 


4-83 


59G3 


2-30 


5244 


4 13 


4393 


5 05 


8068 


7-72 


6472 


12-94 


4750 


21-17 


3170 


32 76 


1947 


64-36 


727 


132-29 


121 


293-8 



53403 



I Calculated 
I ninn))er of 
' Deaths in 
I 1897 
I noconliDR 
j li» tht* rati^.H 
! of ISSI-IK). 



398 

31 

14 
oo 

«>♦> 

62 

84 

101 

104 

125 

96 

36 

1095 



I Actnal ; 
I number .' 
I of 1>paths ■ 
I in 1897. ' 

I I 



324 
14 
10 
20 
19 
45 
70 
88 
87 

114 
95 
22 



Gain of ; Gain of 
Livm ! Life Capital 
in lbl»7. ! in lJ?y7. 



I 



908 





1 
+ 74 1 


+ 17 1 


+ 4 1 


+ 2 1 


+ 3 


+ 17 


+ 14 


+ 13 


+ 17 


+ 11 


+ 1 


+ 14 


187 



3913-12 
877-88 
195-68 

86-26 
11712 
565-42 
403-06 
259-61 
220-49 
104-17 
5-60 

51-10 



6799-51 
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The last column is obtained by multiplying each life gained by 
the superiority of 1897 over the mean of 1881-90 by the mean 
expectation of life for the corresponding age-period. Thus — 

52-88x74 = 391312. 

The greater amount of saving at the earlier ages of life repre- 
sents a greater gain to the community than could have been fore- 
seen, apart from the application of the preceding method. 

The same method may be applied to the entire population of a 
community. Thus by multiplying the population at each age- 
group in the preceding table by the mean expectation of life for 
the same age-group, we obtain the total life-capital of the com- 
munity, and , '^.- = average life-capital or future lifetime of 
population 

each member of the population. 

Furthermore, as mean population has been shown to be equal to 

X vr 1 J • population X 100 ,. 

years of life expended m a year, ^ \ ; — - — = proportion per 

life-capital 
cent, of life-capital expended in a year. 



CHAPTER XXVL 

THE DECLINE IN THE ENGLISH DEATH-RATE 

AND ITS CAUSES. 



WE have in chapter xv. p. 149 et geq, dwelt on the fall in the 
general death-rate, following on the passing of the Public 
Health Act of 1875. In order to determine the extent and value 
of this decline, it is necessary to study the deaths at varying 
ages in proportion to the number living at these ages, and the 
influence of the lower death-rate on the expectations of life at 
difFcrent ages. The necessary data for the first part of this study 
are contained in the following table : — 

Mean Annual Death-rate per 1000 in England and Wales 
AT Eleven Groups of Ages, in Groups of Years. 



] 


PERSONS. 








Ages. 


1841-50. 


1851-00. 


1861-70. 


1871-60. 


1881-00. 


All Ages . 






22-28 


22 17 


22-42 


21-27 


19-08 


0- . 






66-03 


67-60 


68-30 


63-12 


56 82 


5- . 






9-03 


8-46 


7-95 


6-43 


5 29 


10- . 






5-27 


4-97 


4-47 


3-70 


3-02 


15- . 






7-46 


7-04 


6-39 


5-33 


4-35 


20- . 






9-28 


8-67 


8-19 


7-04 


5-61 


25- . 






10-25 


9-76 


9-79 


8-93 


7-53 


35- . 






12-85 


12-31 


12-72 


12-62 


11-42 


45- . 






17-03 


16-54 


17-30 


17-72 


17-06 


55- . 






29-86 


28-86 


30-28 


31-49 


81-33 


65- . 






63-59 


61-74 


62-45 


64-85 


64-65 


75 and upwards 


162-81 


15978 


158-79 


161-59 


153-67 



The teaching of the preceding table is made plainer by stating 
the reductions in death-rate as percentages, as in the following 

314 



LINE IS ENGLISH DEATH-RATE. STs, 

table in which 1881-90 is compared with 1871-80 for the two 
eexea sejtamtely : — 

Mean Askdal Dkath-batb per 1000 in England and Waiks at 
Eleven Groups of Ases, in Ghocpb of Years, with Pxr- 
CB>'TAOE Differences. 



KALES. 


FEKALES. 1 








^°^^' 






Incmuaor 








per tent. In 






p«r«™n 


Age.. 






I8S1-«B cDin- 




1§S|-M, 


IMUBO eom- 
puidwiUi 

£SZ. 


All Agea . 


22-81 


20 


22 


-10-fl 


20-00 


18-01 


-10-0 


0- . 






88-14 


61 


66 


- 9-5 


B8-10 


B1-9S 


-105 


6- 








8 '87 


G 


34 


-IB^fl 


6-20 


B-25 


-lB-3 


10- 








8-89 


2 


04 


-20-3 


3T0 


8-09 


-16-5 


15- 








fi-23 


4 


3D 


-17-a 


B-43 


4-40 


-10-0 


•20- 








7-32 


B 


71 


-23-0 


8-78 


B-51 


-18-7 


25- 








9-30 


7 


J3 


-16-fl 


8-68 


7-34 


-14-5 


35- 








13-74 


12 


3B 


-10-1 


UBS 


10-56 


- 8-9 


46- 








20-05 


19 


28 


- 3-8 


16'59 


IB -04 


- 35 


65- 








34-76 


34 


58 


- 0-3 


28-64 


28-40 


- 0-5 


65- 








68-67 


70 


17 


•H 09 


80-82 


60-08 


- 1-2 


75 and Qpwurda 


1flg-DS 


1S2'18 


- 4-1 


15B-83 


147-32 


- 6-6 



It will be seen that in both sexes the decline in the general 
death-rate, comparing the eighth with the ninth decade of this 
century, amounted to about 10 per cent. There was a decreased 
mortality among females at every age-period, and among males 
a decrease at all but the age-period G5-75. When comparing 
the eighth decade with the seventli Dr. Ogle had shown that, 
"speaking generally, the death-rates fell for the earlier age- 
periods, while they rose for the later periods of life "...." the 
male death-rato being higher than in the preceding, decennium 
at each period after 35 yeare of age, while the female death-rate 
did not show an increase until after 45 years of age." In 
commenting on the facts brought out in Dr. Ogle's decennial 
supplement for 1871-80, the writer several years ago made the 
following remarks, which may appropriately be quoted here 
ton Life-Table, 1893, p. 25 ef mj.):— 
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" (a) A favDimte explanation of t)ie incTeased deatti'iMe lod 
dtminislie^l expectalion tif life iu adult yeara is that, owing to 
the saving of life in the earlier jrears of life — « sarii^ which 
has been especially in Eymotic diseases and phthisis and other 
tubercular diseosea — there bns been a larger number of weakly 
Burvivors, who would under the former regime have been carried 
oir by tliese diseases. In other words, the operation of the law 
of the aorvivaJ of the fittest has been impeded, with results 
tmfovourable to the hetdth and vigour of adult life. This argu- 
ment assumes that weakly children are more prone to attack by 
infectious diseases than robust children, an assumption which 
experience docs not confirm. These diseases appear to attack 
the majority of children, weakly or robust, who are exposed to 
their iiifection. It might bo reasonably expected, therefore, thai 
with a decrease in the total deaths from infectious diseases, there 
would have been at least a corresponding decrease in the number 
of those who are left maimed by an attack of one of these 
diseases to survive to adult life. We personally think that ^le 
weeding out of we-akly lives, caused by the greater mortality 
among weakly children suffering from an infectious disease, is 
almost entirely counterbalanced by the greater number of children 
made weakly in former times by non-fatal attacks of on infectious 
disease. 

" The case for deterioration of the race by survival of patients 
who would formerly have died in early life from phthisis and 
other tubercular diseases, appears tA be a stronger one. It is 
probaUe that a larger proportion of phtliiaJeal patients are cured 
than formerly. It is probible also that many more children with 
a strong tendency to phthisis, or even sufiering from its early 
symptoms, ore prevent^ by the improved medical treatment and 
the improved social conditions of recent yeara, from developing 
the disease. These now may survive to adult life and become 
the parents of children with a strong tubercular tendency. 

"Such a fact need not, however, cause any seriouB apprehension 
for two reasons. In the first place, hereditary tendencies to 
phthisis only act under favourable predisposing conditions, such, 
as damp and overcrowded houses, sedentary occupation in a 
cramped position, etc. ; and in presence of the active exciting 
agent, the specific l>aeilliu tuJierculosia introduced ah extra by 
inhalation or by means of food. 

" (b) Assuming that more phthisical patients survive than 
formerly, b it not equally true that fewer persons become 
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jilitliisical than foniierly! Witli a diminutioti of tlie active i 
i>f phthisis, the number of centres for (jlithisical 8i>utum, which, 
as dust, is tlie cliief cituae of subsequent infection, must have 
iliminishcd to a corresponding extent. Of tlie fact that the 
predisposing causes of phthisis — damp and overcrowded houses, 
ill -vent ilatCNl workshops, etc.^-Are steadily diminishing, there is 
evidence on every )iand. It is, therefore, reasonable to suppose 
that much at least of the ilcteriomting eOect of survival of tiilier- 
cular persons is counterlialanced by the large number of persons 
who are prevented by improved eanttary ami gocial comlif torn from 
booming luhei'etdar. 

" It ia premature at present to attempt by statistical means to 
determine how far the connterscting influences which are at work, 
balance each other, or failing a bohince on which side is the pre- 
ponderating effect. 

" (r) The increased stress of modem life is supposed by many 
to explain the increased death>rate among adults. It is doubtful 
if such increased strain exists in the community as a whole, 
tlach adult as he becomes year by year mora deeply involved in 
the battle of life, comes to the conclusion that the general strain 
of life in the community is increasing, forgetting that the same 
causes operated as life advanced in previous generations. There 
ia reason for thinking with Dr. Pye-Smith that much of the evil 
ascribed to ' ove^prossure ' is really due to over-feeding and 
drinking. 

" Assurning, however, that over -pressure exists in certain 
stations of life, e.g., among city merchants, medical men, etc., 
it cannot be said to exist generally among professional men. 
Clergymen, lawyers, and civd-servants are as classes long-lived. 

" Even assuming that over-pressure exists throughout the whole 
of the professional and mercantile classF.3, these do not forte the 
mass of the community. The majority of the popidaiion of 
England and Walw belong to the teaije-eaminy elaesea, and the 
conditions of these classes will therefore necessarily have the 
greatest influence on the total result. What are Uie facte as 
regards these classes} They may be gatliered from an important 
address by Mr., now Bir R, Giffeii.* He shows that the wages 
of the agricultural lobourer have increased, while his hours have 
decreased. Li the textile, engineering and house-building trades, 
he shows that the workman gets from 50 to 100 per cent, more 
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. He j 
rather 



money than fifty years previously for 20 per cent leas work, 
sums up in Ihe following general statement : ' While the 
mnn's wages have advanced, most articles he consumes have 
dimiuiEked in price, the change in wheat being especially remafk- 
able, and significant of a complete revolution in the condition of 
the masses. The increased price in the case of one or two articles 
— particularly meat and liouae-rent — is insnificient to neutralize the 
general advantagea which tlie workman has gained.' 

"The conditions of housing of a lai^ proportion of the wt^e- 
eumiug classes are still unsatisfactoiy, and leave ample scope for 
improvement, though they have immensely improved as compared 
with 6fty years ago. It must also be admitted that there is s 
considerable (though probably a diminishing) residuum who are 
not included in the genera] improvement described by Mr. Giffen. 

"There are two otlier circumstances affecting the life of the 
community which must be considered in this connection. These 
arc the effects of increasing * urbtmization ' and the assotdoted 
increase of manufacturing (and largely indoor) occu[>ationa as 
contrasted with agricultural and outdoor occupations. 

"At the census of 1861, 37 '7 per cent, of the total jxipulation 
of England and Wales was niralj at the census of 1881 thix 
proportion had decreased to 33'4 per cent, and at the census of 
1891 to 28'3 [ler cent. The urlan death-rates are generally higher 
than the rural, though the former have shown a greater reduction 
in recent yeoi's than the latter. It is impossible to deny in toio 
that the conditions wliich go to form the sum total of urban life 
are less favourable to a healthy adidt existence than those of rural 
life, though no att«mpt can be made at pi'esent to estimate the 
share of the increased number of the urimn population in say 
1871-80 as compared with 1838-54, in producing the higher adult 
death-rate at the more recent period. 

" ((/) Another consideration requires to be Ijome in mind. We 
are at present in a transition period. The Public Health Acts of 
1871 and 1875 heralded immense improvements in sanitation, the 
fruits of which have not even yet been fully reaped. There has 
beeu, more especially since 1875, steady and increasing improve- 
ment in the conditions under which people live. Men now 40 
years of age were bora in the pre-sanitary period; and the first 
20 years of their life were spent under more unhygienic conditions 
than those now holding good. This fact would go far towards 
explaining a stationary death-rate at the higher ages. It does not, 
however, explain an increased death-i'ate at those ages. 
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"The explanation of tiiis increased deatli'rate at the higlier ages 
will probably be evident when at tliB end of another twenty or 
thirty years the improved conditions of life have endured suffi- 
ciently long to enable their full force and value to be determined. 
Vt'e muHt be content ia the meantime to have stated the more 
important factors whiuh appear to be at work, leaving the complete 
solution of the problem to a time when the statistical experience 
of our country is more mature." 

Tlie preceding remarks have received, since they were written, 
valuable confirmation from the statietius of another deceonium- 
The decline in the death-rate which when the eighth was compared 
with the seventh decade stopped short at adult life, has now 
extended to neatly every period of life in both sexes, though it ia 
but small in amount after the forty-Hfth year of life. 

Distribution of Decreased Mortalit; according to Oaose. 

In the following table the necet<^ry data for a somewhat detailed 
comparison of the causes of death in successive periods are given. 
The caution given on p. 191 as to comparing death-rates from 
infectious diseases for groups of years must be held in remem- 
brance in making this comparison. The aggregate zymotic diseases 
show a considerable decrease, fever showing a remarkable decline. 
Among the other named diseases the most remarkable features are 
the great decrease in phthisis, and the increase under the heads of 
cancer, and of respiratory, circulatory, and urinary diseases. The 
question as to how far these recorded increases are real is discussed 
on pp. 238 and 242. 
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Annual Moktauty from Several Causes per Million Pessokb 
Living at all Ages in Successive Periods and Years. 





1861-70. 
22416 


1871-80. 


1881-00. 


1891-95. 
18783 


All Causes 


21272 


19080 


Small 'i^x .... 




160 


234 


45 t 


20 


Mcaales .... 




440 


878 


440 


408 


Scarlet Fever 




972 


716 


334 


182 


l)ii»litheria 

AV hooping-cough 




185 


121 


163 


253 




627 


512 


450 


898 


Fever— \ J>*I»*"." • 


: 1 


885 


{822 
(l03 


14 
196 


17li 


. . i 




25 


s\ 


Ihieri>eral Fever and 
Diseases of Childbirth . 


: ' 


165 


167 


158 


168 


Diarrhoeal Diseases 




1076 


935 


674 


651 


CanciT 




884 


468 


589 


712 


rhthisis 




2475 


2116 


1724 


1464 


Hydnnu'phaluH . 

Other Tuhennilar Diseases 




347 
437 


817 
445 


1 696 


660 


Di.seaHos of Nervous Syhtcni (iiicludiug ) 
Convulsiona) . . . . / 


2796 


2789 


2592 


2288 


Di.neases of (Mrculatory System . 


1054 


1839 


1576 


1677 • 


Dist'asos of K(\H]»iratory System . 
Diseases of Digestive System 


3501 


1 8899 


3729 


3747 


1 1184 


' 1165 


1104 


1116 


Diseases of Urinary System 


266 


t 350 


435 


453 


Violence . . .... 


! 765 


1 788 


648 


663 



CHAPTER XXVII. 

STATISTICAL FALLACIES. 

THE reservation of an entire chapter to the consideration of 
the fallacies into which those who employ figures frequently 
fall, appears almost as absurd as it would be to devote a chapter 
at the end of a treatise on grammar to the consideration of 
grammatical errors. The study of the science of grammar 
involves the exposure of grammatical errors; and similarly, if 
we have been successful in our attempt to treat of the principles 
of vital statistics, the fallacies which we so frequently meet 
with in medical statistics may be considered to be already 
sufficiently exposed. But while this is logically correct, there 
is a practical convenience in presenting a concise summary of 
the more important statistical errors, and especially so as this 
will enable us to consider in detail several cases which have 
not arisen in the preceding chapters. 

We may first of all cite Quetelet's four chief rules, which 
are worthy to be held in remembrance. 

(1) Never have preconceived ideas as to what the figures 
are to prove. 

(2) Never reject a number that seems contrary to what you 
might expect, merely because it departs a good deal from the 
apparent average. 

(3) Be careful to weigh and record all the possible causes of 
an event, and do not attribute to one what is really the result 
of the combination of several. 

(4) Never compare data which have nothing in common. 
Were these rules constantly followed, the science of statistics 

would be much more respected than it is, and the value of its 
results would be greatly increased. 

Errors already Exposed. In the preceding chapters, numerous 
instances have arisen, illustrating various phases of statistical 
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fallacies. Berorc coiisidoriiig other casv^ il may lie well to 
recapitulate those already meationed. 

Popubtion forms an essential datum in the presentation i>[ 
all vital statistics, and iiiaccumte estimates of [wpulatiou vitiate 
every subsequent calculation. Instances of such inaccuraU 
odtimates are given al p. ^. The errors arising in connection 
with the statement of uge, infirmities, etc., are given at pp. 2 
and 4. The age and sex constitution of the population hiw 
a great influence ou the marriBge-rale (p. 57), on tho hirtU- 
rato (p. 71), and on the death-rate (p. 103); and unless due 
allowance be made for variation in comiK>sition of the |>opi]lation 
as to age and sex, especially as to age, serious errors will arise. 

A correct and complete registration of causes of dciath is 
another essential datum in the presentation of vital statistics, 
and the chief errors in tliis connection have l>eeii already 
discussed (p. 29). 

The questions of increase of cancer (p. 242), and of decrease 
of phtliisis (p. 239) involve serious statistical dlfliculties, which 
have been lUteady considered. Tho fallaciousness of the as- 
sumption that a fixed mtiu exists between sickness and mortality 
has been discussed (pp. 37, lti5). 

We have stated that the birth-rate, to be strictly accurate, 
should be calculated iu terms of the number of women living 
at child-bearing years (p. 72), and that the number of illegitimate 
births should not be stated in proportion to the total birtlis (p. 82). 

The fallacies connected with deatli-rates for short |ieriods have 
l»*u ]K>inted out (p. 86), as also the effect of migration of jiopida- 
tion in disturhijig the death-rate (p. 87), the effect of public 
iustitutious on the same (p. 89), and the fallacies as to the 
correct relationship of birt!i-rate to death-rate (p. 96). False 
methods of estimating the mortality at different ages have been 
exposed (p. 116). llie soui-cea of error iu connection with 
occuiiationol statistics are discussed at page 174, and, among 
other additional fallacies which have been couaidered, we may 
mention those in regard to small-iwx (p. 208 el »ei/.), and in 
regard to tlio duration of life as evidenced hy tho mean ^e at 
leath (p. 292). 

OlasBification of FallacieB. Without attempting a complete 
logical classification of fallacies, we may divide them mlo/altanus 
of ohtervalion and fallaeiee of iiiferenee. The errors which we 
sliatl consider will be found to come under one of these heads, in 
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Bome cases illustrating them both, the data and the inferences 
fnim them beicg each iniiccurute or iiicomplete, or both. 

Errors from Paucity of Data. The ntimlwr of observations on 
which any (leductioii is fouuded should be considerable. The 
deduction is trustworthy in proportion aa the observatioiis tire 
numerous, on the assumption that the latter are at the same time 
accurate and comparable. There is, unfortunately, nothing more 
common in medical literature than a crude generalization from 
insufficient data, especially as to the treatment of disease, ignoring 
the mathematical rule that the relative values of two ( 
series are as the square roots of the numbers of observations ; so 
that by increasing the number of obaervatious in any inquiry, the 
accuracy increases as the square root of the number. The results 
obtained, even from a large number of observations, are, however, 
only an approximation to the truth, althoiigii the limits of error 
are reduced with each increase in the number of observations. 

The degree of approximation to the truth of a varying number 
of obeervationB can be estimated by means of Foisaoa's formula. 
This formula can, however, only be entirely trusted in the ideal 
ca.se of games of chance, in other cases forming au inadequate 
test pf accuracy. 

Let p = total number of cases recorded, 
m = number in one group, 
71 = number in the other group, 
BO that M + j(=fi. 

The proportion of each group to the whole will he reepiictivuly 

— and -. These proportions will vary within certain limits in 
/* I" 

succeeding instances, and the extent of variation will be within 
the proiwrtion represented by 



and - 






It is evident that the latter the value of p. (the_total number of 

observations) tlie less will 1« the value of 2 / "'" and the less 
V /»' 

will be the limits ot error ill the simple proportion -. 
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Thus if out of ten cases of cholera seven recover, how near is 
this to the tnie average of recoveries 1 Here the probability of 
recovering is represented by ^, of dying by ^. The possible 
error is given by the second half of Poisson's formula. Thus, 

^ /2^» ^ /2 X 7 X 3 „ /"42~ ,^^„ 

Thus tlie possible error is as '4098 to unity, or, in other words, 
the error is greater than the number of deaths. What will be 
the iK)3sible variation in 100,000 cases on this basis 1 

The average, as stated, is 70,000 recoveries out of 100,000 
cases; the possible error is 40,980; tlierefore the number of 
recoveries may be either 29,020 or 110,980, a conclusion which is 
an obvious al^surdity. 

If, liowever, 100 cases be collected, out of which seventy re- 
cover, the proportion is the same; but by Poisson's formula the 
error is only -13 to unity, and the range of recoveries out of 
100,000 cases will lie between 

70,000 + 13,000 = 83,000, 
and 70,000 - 13,000 - 57,000. 

If 1000 cases are taken, of which 700 recover, the error will 
bo only -04 to unity, and the range of recoveries in 100,000 cases 
will lie between ^^qqq ^ ^qqq ^ 14fiOO, 

and 70,000 - 4000 = 66,000. 

The following table will show more clearly how, with an in- 
creasing number of facts, the limits of possible error (assuming 
the accuracy of the facts recorded) steadily decrease : — 



Total Number of 
Cases. 


Number of Recoveries. 


PoHMible Number Recovering out of 

100,000 Cases according to Poiason's 

Formula. 


10 

100 

1000 

10,000 

100,000 

1,000,000 


7 

- 70 

700 

7000 

70,000 

700,000 


29,020 or 110,980 
57,000 „ 73,000 
66,000 „ 74,000 
68,700 „ 71.300 
69,600 „ 70,400 
69,870 „ 70,130 



It is evident that a small number of observations is inadequate 
to estal)liHh a conclusion ; but inasmuch as the degree of accuracy 
increases only in the ratio of the square root of the number of 
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ol)8t-rvations, the mere repetition of oIiHervationa lieyond a oertain 
nunilwir (10,000 in the ]irevious tatile) is proportionately of small 
value, and after a time bt'eomea pnictically useless. 

Errors from Inaccoracr or Incomporability of Data. In- 
accuracy or incomjiletcnesa of data nctessaiTly leads to fallacious 
cunvlusions. Apart altogulber from auy intetitional deeeptiun, 
the trustworthiness and ubUity of the observer or recorder of 
a glvea set of facts is an iniportaut element in estimating the 
reliability of deductions from them. It is necessary that the 
data should be collected on a uniform plan, and should be of a 
ati-ictly companible nature. Any neglect in stating a single cause 
uf variation in some of the facta m^ vitiate the entire conclaaion. 
Thus it is well known that cholera is much less fatal towards the 
end of nu epidemic than at its commencement. If, therefore, in 
stating the percentage of , recoveries under a given method of 
treatment, no mention was made of the period of the epidemic 
when the cases came under treatment, a trustworthy conclusion 
would be impossible. The neglect of the pi'ecaution that the 
phenomena or evenis dealt with shall he elriclli/ comparable has 
given rise to the meat valid objections which have been urged 
against the use of the numerical method in medicine. 

Dr. T. Graliam Balfour, p.r.3., in his inaugural aildress as 
President of tlie Statistical Society (November, 1888), baa given 
an interesting instance, arising from the alleged deterioration 
of recruits, of the fallacy due to overlooking the condition of 
" ot&OT tliiiiKB being equal," which we shall now summarize. 

It is stated, on the authority of the Director-General of the 
Meilicid Array Department, that in the years 1860-64 inclusive, 
no fewer than 32,324 examinations of recruits were made by 
army-sui^eons ; and that the rejections from all causes were 
371-67 per 1000. During 1882-86, 132,663 men offered them- 
selves for enlistment, of whom 41S-58 per 1000 wore rejected, 
showing a marked increase in the proportion of rejections. Sir 
Thomas Crawford can explain this increase in the rejections in 
one way only : " the masses, from whom the army recruits are 
chiefly taken, are of an inferior physique to what they were 
twenty-five years ago." Dr. Balfour, however, instituted indepen- 
dent inquiries, which threw grave doubt on tliis conclusion, and 
satisfied him that a large proportion, at least, of the striking 
excetw of rejections at the Inter period was due, not to an increase 
I the disabilities among the recruits examined, but partly to 
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improvoisents introduued iuto the retimiB in 1B64, by which thcf 
were made uuuh more complete, and partly to changes instituted 
in 1879 and 1680 in the system of examination. 

Dr. Balfour's address must be consulted for full det^la, whidi 
make it clear that owing to the varying regulations in force in the 
army, it U impossible to arrange the results of the two series of 
years in a furm which complies witli the condition of "other 
things being equal" 

Similar remarks apply to the question of height of recniite, 
and the proportion of ivcniits rejected in successive periods. 

Errore in Comparing Total Deatlia in SncceBsive Tears. It is 

inaccurate to compare the numlxr of total deaths or the uumljer 
of deaths from any one disease with the corresponding number in 
any previous year unless some allowance is made for increase 
of population. Cietei-ia parihuK, a larger population would supply 
a greater number of deaths than a smaller one. We sitall now 
demonstrate the method by which the taanher of deaths in any 
year viay be eompared icith the tlecmnial averaye of the ten 
preceding years, conceded for inavaae of pojivlaiion durintf the 
period, taking as an example the nimiber of deaths from nieasles 
in England and "Wales iu 1887, and the average number in the 
deceimium 1877-86. 

The number of deaths from measles iu 1887 = 16,765. 

The average annual number of deaths from measles in the ten 
years 1877-86-10,549. 

What was this average corrected for increase of population, in 
order to allow accurate coni[)arison with the figures for 1887) 

Kow, the population of England and Wales in 1887 = 
28,247,151. 

The mean population of 1877-86, obtamed by summation of 
the ]iopulations in each year and division by ten = 36,256,699. 
The deaths from measles in the decennium 1877-86 must there- 
fore be raised in the proportion of 26,256,699 to 28,247,151, in 
order to bring them into true comparison with those of 1887. 

T, , 28247151 , „-- 
But --„- -.v = I'OiS. 
26256699 

By multiplying 10,549 by 1075 we obtain 11,340, whidi 
represents the average annual number of deaths from measles 
duriiig the deceimium 1877-86, corrected for increase of 
population. 
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This number, subtracted from 16,765, gives 5425, which is the 
excess of deaths from measles in 1887 as compared witli the mean 
of the previous decennium. 

Errors in Begard to Averages. The larger the basis of facts 
on which an average is founded the more reliable it is. Acci- 
dental causes may produce large variations in a small series 
of observations, which become corrected when the facts are 
multiplied. It is on this principle that, in spite of the great 
annual fluctuations in the receipts and expenditure of Insurance 
Societies, the results become equalized for a scries of years. 

Dr. Guy gives the following instance of the value of increas- 
ing the number of facts on which an average is based, from an 
investigation into the avemge age at death of members of the 
peei-age and ])aronetage : — 



1 
1 


Average Age at Death. 


Number of 
Facts. 




1 


- — 1 






Maxiiimm. Miuimaui. 

1 


Range. 


25 


69-40 50-64 


18-76 


50 


66-44 


55-20 


11-24 


100 


63-70 


56-85 


6-85 


200 


62-38 


57-61 


4-77 


400 


61-10 


58-24 


2-86 


800 
1600 


60 84 

1^ 


59-97 


1-17 


60-25 



If we assume the true average duration of life of the memlx?rs 
of the peerage and baronetage who have attained 21 years to 
extend to 60 years, then, omitting decimal points, the following 
table shows the en-ors in excess or defect : — 



v.„«K« «f p««fo Errors In Excess i 
Number of Facts. or Defect 

! 


25 
50 
100 
200 
400 
800 


1 
9^ 
5i 

H 
U 
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It may happen, however, that tlie first 25 observations in a 
table like the preceding would give as correct an average as 800 
observations; and there is always a balance of probability in 
favour of the average of even a small number of facts approxi- 
mating more closely to tlie true average than to the extremes. 
The extreme values, that is, the two ends of the scale, of which 
the average is the middle, should also l)e noted. As Dr. Guy 
puts it, "Averages are numerical expressions of probabilities; 
extreme values are expressions of possibilities." The possible 
range of tlie average obtained from a stated number of observa- 
tions can always be ascertained by means of Poisson's formula, 
thus indicating the possible amount of error. 

Although, as already stated, the average of a small number 
of facts may give a near approximation to the truth, such an 
average must be reganled as requiring a confirmation which the 
average from a lai-ge numlx^r of facts does not require. It is 
imix)rtant to note also that ffie results obtained from an arercuje 
can 7wrfr Ije applied to a partindar ca^e. An average is the 
mean result from a nunilx'r of instances, all of which may be 
either alwve or l)elo\v it, so that it does not necessarily express 
the exact truth in rej^'ard to any one of the ciises on which the 
average is founded. 

The fallacies connected with the application of the results of a 
large nunil:)er of cases to an individual instance are well known to 
insurance offices. ( Jeneral results from a large {iggi'egation of facts 
may Ix? safely ai)i»lieil to a similar aggregation of facts ; but their 
application to single cases is full of dangers. Thus, the mean 
dui-ation of life, accoixiing to a life-table, expresses with almost 
mathematical certainty the average age at death of the memlx^rs 
of a connnunity talen one with another, but is not necessarily 
accurate when applied to a single individual. All that we can 
safely conclude is, that the excess of those who live longer will 
Ini counU*rbalanced by the deficiency of yeai*s of those who die at 
an earlier age than the average. 

Extremes, being the expression of possibilities, require a larger 
number of individual facts than avemges to render them tnist- 
worthy. Dr. (Juy gives an interesting instance of neglect of this 
rule. M. Orfila stated that it was possible approximately to 
determine the stature of tlie skeleton and of the body by 
measuring one of the long bones. He did not test thi.<^, however, 
by taking extreme cas(\s, but only 1)V a roujjh average. It was 
subsequently found that out of seven ulnas, measuring in length 
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10 iiichi's and 6 lines, one corresponded to a. stature of 6 ft. IJ in., 
another to 5 f L 5 in., implying a posailile error of 8J inches. 

In connection with ijuhlic heaitli, two fallacious uses of aver- 
n^cfl must bo disctiseed, viz., the fallacy of average strength, and 
of bej-mortnlity in hospitals, which are closely connected. 

EiroTS in Connection with Average Strength. The sickness 
anil mortality statistics in the iinny ami navy are calculated on 
what is known as the averaye 8tren(//h or mean force. It is not 
quite clear, from the annual report of the Amiy Medical Depart- 
ment, whether the mean force includes those on sick leave as well 
OS detached men, hut ap)mrontly these are inchided. In the navy 
the mean force has been recently made to include men on short 
terms of leave of absence and the sick under treatment in hospital 
^a change which has Iteen foimd to increase the force by 3 per 
cent. According to Dr. Parkea, the average strength includes in 
the army tlie number of men of each regiment present at each 
station on the muster days, divided hy the number of muster 
days. It thus includes the sick men in hospital as well as the 
healthy men, and is consequently not a completely accurate basis 
on which to determine the amount of disease among the healthy 
men. "Wlion many changes of troops occur, it is often difficult to 
ascertain the mean strength, and erroneous calculations are con- 
sequently not uncommon. An example, quoted by Ur. Parkes 
from a paper by Dr. Balfour, may be cited, which is of special 
interest, inasmuch as it affords an instance in whicli an unhealthy 
station in India (Masuhpatam) was credited with a more favourable 
rate of mortality than it was entitled to. The Madras Medical 
Bttard stated that the death-rate among all the European regimenta 
in the Preaidency, from January, 1813, to December, 1819, waa 
5G-9 per 1000; while that of the regiments at Mosulipatam from 
1813 to 1832 inclusive was 51'0 per 1000; and they inferred that 
the rale of moiiality having been somewhat lower than throughout 
the rest of the Presidency for such a ])eriod, there was reason for 
concluding that the station could not be consiilered under ordinary 
circumstances as unhealthy. In arriving at the preceding death- 
rate for Masulii>atam, liowever, the fact had been lost sight of, 
that in several of the yeai« between 1813 and 1832, the regimenta 
were quartered at Masulipatam during part of the year only. 
Under such circumstances, in calculating the annual death-rate, 
only such a proportion of the mean annual strength should lie 
taken as corresponded with the period during wluch the regiment 
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was stntionml there. If it was stationed there six montlu^ the 
calculntion should tic Iiosed on hnlf tlic strciigtli ; if nine months, 
on thtvo- fourths of it, and so ou. 

Wht-'ti the uetiessary currcctioii was made in the instAoce rated, 
the nnituul di^iUh-rate from 1H13 to 1832 was found to nrenige 
63-94 per 1000, instead of 51-00 as previonaly atated- 

Tlie emir we have juat described is similar to the assumption 
that, in a town with a population of 100,000 persons, and in 
which 3000 deaths occurred during nine months, the anuuM 
death-rale is 30 i>er 1000, The population should, of coune^ 
be reduced by one-fourth ; and the annaaJ ileath-mte, on the 
assumption that the same rate of niottiditv continues during the 
remaining three months of llic year, isi 40 per 1000. 

Fallacies of Hospital Statistics. Much of the misapprehension 

whieh has arisen in medical literature conceniing liospitAl mortality 
IB owing to a lack of comprehension of the fiwts rolative to 
avemgu strength, which ire have already adduced. The suliject 
is discussed very lucidly in the Sixth Rejwrt of Mr. (now Sir 
John) Simon to tlie Privy Council for 1863 ; and we cntiuot give 
a better view of it than by eummariring his atgumout, founded on 
an investigation made by Dr. Bristowc and Ht. Holmes into the 
sanitary conditions of, and results obtained in, vai-ious large 
hospitals. 

To begin with, the wonl "lieulthy," as applied to a hospital, 
evidently cannot denote that ita inmates shall ho i>eisons in 
health ; nor that its inmates shall not have a high death-rate, for 
this is involveif in the condition of the inmates, A "healthy" 
hospital is one " which does not hy any fault of He oini (whether 
inherent fault, as of site or eonsti'Uction ; or fault of teeptag, 
tiH dirtiness or overcrowding) aggravate ever so liltlo the sickness, 
nor oppose ever bo little the recoveij' of persons who are properly 
its inmates." 

Death is unquestionably the most serions form in which lack of 
success in treatment is evidenced. It is essential, however, if 
hospital deatli-i-ates are to possess the slightest value, tlmt they 
Khould be calculated on gii^en viagnitwha of iline»e. The coni- 
pitrison of the death-ral« in a fever hospital with that in an 
urlhopffldic hospital would obviously be abeurd. Uidess due 
regard be had, therefore, to tlio uncertain import of the wonl 
"patient," death-mtps are worthless as evidence of success ur 
faihire in hospital treatment. It is notorion.i that hospitnls, with 



STATISTICAL FALLACIES- 



331 



regard to tlie quality and magnitude of the cases received in them 
for ti'eatment, differ enormously from one another. Large urbaa 
hospitala receive patients at any time und of the graveat character, 
and "wage an ever- precarious contest agai net the least conijnerable 
forms of disease"; while in many country hospitals admission is 
by subscriber's letter, there is a comparatively infrequent change 
of patients, and a minimum of severe or urgent cases. On the 
whole, it may be safely asserted tliat the hospitals with liigh 
death-rates have no reason to be ashamed, nor the hospitals with 
low death-rates to congratulate themselves. 

The Regi8t^a^ General published in hia Twenty-fourth Annual 
Report some statistics of the different hospitals. The census on 
April 8th, 1861, showed how many special inmates were contained 
in each of the hospitals of England, while the death-retunia of 
the year 1861 showed how many deaths occurred during the year 
m the same hospitals. From these materials an annual death-rat« 
I)er 100 occupied beds, which may be called a li&l dealk-rafe, was 
comjuled. Such bed death-rate^ are must misleading, (a) In the 
first place, they were calculated on the hospital population of a 
single day — that of the census, which may have been much above 
or below the average — and not on the average daily sick population. 
Dr. Buchanan sliowed that, accepting the number of inmates at 
the census day in 1861 as the basis of calculation, the bed death- 
rate of the London Fever Hospital in 1860 was nearly 30 per 
cent., in 1861 nearly 500 per cent., in 1863 nearly 2000 per cent., 
and in 1863 nearly 1400 per cent. 

(6) Each Ijed in a hospital usually receives during the year 
a succession of patients. All that a bed death-rate means is 
that there occurs in every occupied bed in a hospital a certain 
number of deaths per ammm. A bed death-rate of 100 per cent, 
per annum means that on an average one death occurs during the 
year in every occupied bed of the hospital. 

{f) These objections, however, are trifling when compared with 
the objections already stated against all general denth-rates oa 
measttres of hospital healthiness. A table given in the Kegietrar- 
General's report alluded to, shows the striking and suspicious 
disparity between the bed death-rates of different hospitals. 

Thus the Nottingham hospital had a bed death-rate under 41, 
while that of Manchester was over 130; at Swansea the death- 
rate was only 10, while at Bath it was 102, per 100 occupied beds. 

These results are quite untrustworthy. Assuming that the 
mortality in urlian hospitals is twice as great as in rural hospitals, 
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then we might conclude any one of three things: "cither (1) 
tlint tlie urban hospitals change their sick population twice as 
often as the rural hospitals, and that other conditions are equal; 
or (2) that in the urban hospitals the mean gravity of cases 
received for treatment is twice as great as in the rural hospitala, 
and that otlier conditions are equal; or (3) that in the urban 
hospitals tlie success of treatment of given magnitudes of disease 
is half as great as in the rural hospitals, and that other conditions 
are equal." In all probability the two first of these suppositions 
express the truth, though unfortunately Dr. Farr gave the 
authority of his name to the statement that general hospitals, 
by reason of "defects" which ** render them ways of death to 
their inmates," do "not benefit mankind directly," but merely 
*U\s pathological observatories and medical schools"; and Miss 
Florence Nightingale, in her Notes on Hospitals^ has accepted Dr. 
Farr*8 conclusions as valid. The real fact is that general death- 
rattis are inapi>licablo as te^ts of true differences of hospital success, 
and ouglit never to have been employed for this purix)se. 

If general death-rates are employed at all in regard to hospitals, 
the true principle on which to calculate them is on the basis of 
the aggregate annual number of case« treated to a termination. 
This may be called the patient death-rate^ as distinguished from 
the 1>0(1 death-mte already descril^ed. There is no necessary 
connection between the range shown by bed death-rates in the 
preceding table and the mnge of patient death-rates in tlie same 
institutions. Whether the two ranges would correspond depends 
on whether the averatje iune of stayimj in hoi<pital is the same in 
the hospitals coniimred. l>ut iis a matter of fact the staying-time 
varies enormoii.sly in different hosj^itals, being usually shorter in 
larger liospitals, and shoiter in hosj)itals where the proportion of 
acnite cases is higli. If the moan stay of patients in hospitals 
is known, hetl thmth-raies may at once l)e converted into patient 
death-rates or rire versa. 

It follows from the preceding considerations that comparisons 
of hosi)ital statistics, if they are to serve any useful purpose, 
must be in considerable detiiil. Not only should cases of like 
nature be coni])ared, but, inasmuch as the mortality from many 
diseases varies with age, the age-constitution of the patients of 
the institutions under comparison should be noted. A typhus 
patient aged T)h is at least ten times as likely to die as a typhus 
patient aged 15. Similarly the success of the operation of 
lithotomy varies greatly at different ages. 
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The success of the mnjor am[iutations again varies grently 
according to the age of patients, and ucoording to whether operation 
is required as the result of injury or disease ; and in regarf to all 
statistics dealing with the results of treatment, it is desirable tliat 
the age and special circumstances of the individual canes should 
be fully stated. 

Errors from the Composition of Ratios. As a general rule, 
it is dangerous in dealing witli deaths and other rates to combine 
or comixiund such rates. This error is bo commonly fallen into 
that the following illustrations of the resulting mistakes cannot 
be considered superfluous : — 

I Thus the population of — 
Batt«rsca was 125,091 and its death-rate 30'00 
Putney „ 14,450 „ ,. „ 1370 

33-70 
Mean death-rate of the twD= 16*85 



This, however, is a most incorrect result. The true nietliod ia 
a follows : — 

Battersea population, 125,091 ; deaths, 2503 

Putney „ 14,450 ; „ m^ 

139,541 2702 

2702 X 1000 



Therefore " 



139,541 



s the true death-rate. 



The true death-rate is thus seen to be much higher than tliat 
first obtained, owing to the fact tliat in the first calculation 
equal prominence is given to the healthiness of Putney and of 
Batterseo, although Putney had only one-eighth of the entire 
population. 

Another instructive and somewhat amusing instance is furnished 
by a correspondence in the Times during September, 1888. X 
wrote to the Timen newsjiaper, and on the assumption that the 
death-rate in the British array at home and abroad in 1885 was 
11-12 per 1000, and the death-rate of troops at home 668, argued 
gravely that the death-rate of troops abroad was therefore 4'44 
per 10001 Y wrote to correct this statement, and pointed out 
that if X's method were correct, then it would be eqiially true 
that if the death-rate of the Eugliah and Irish in the United 
JCingdom was 21 per 1000 and that of tlie Irish 20 per 1000, the 
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mortality of the Kiigliah was only 1 per 1000 ; or if the deaUi- 
rat« o! the Iriah was over 21, then the English live for evet! 
Y then proceeded to niaintaln that the true mortality of the 
troops abroad was 15*56 per 1000, without mentiunijig, as Z 
pointed out iu a 8ulise<]ucnt letter, that this was only correct 
when tlio troops at home and abroad were equal in number ; on 
which Y replied that "rates per 1000 are quite irreepcctiTe of 
numbers at home and abroad" — a conclusion which ia true for 
rat«s regarded separately, but flagrantly false when applied to 
their composition. As this quustion of the composition of rates 
is one of considerable delicacy and importance, we shoU here 
diKcuss it in detail. 

The general problem to l)o considered is as follows :— Having 
given the death-rate of the component parts of a population, to 
tind what is the death-rate for the whole. 

Lot a + li = Utla] number of [topulation (or body of men, 08 in 
pn;ceding example), where a und b represent the {lopulation of 
eiich imrt. 

Also let X = deatli-rate per unit of the jwrtion a, 

and y= „ „ „ „ li, 

Where .c differs from y. 

Thou the nunilier of deatlis in a^axj- = itt. 

.Mso „ „ „ b = lixy~liy. 

Therefore Llie total number of deaths in (a + li) = ctr+l>j/. 
Ilcnce, dividing by the total population, we obtain — 

— ^ = death-rale per unit for the whole. 
If the two parts of the population are equal ; i.e., if a = 6, 
the death-mte for tl.e whole - '^±M = ^^=^^, 
which is the mean of the two rates x and y. 
Hence, when the parts of which a population is competed ore 
equal, the ileath-rate of the whole is the mean of the death-rates 
of the component parts. 

But if a be twice as great as li; i.e., if a = 2li, then the 
formula ?i±J? may be ^vritten 2tM^y^6{2^ + !/)^ ^^tJ' 

where evidently the death-mte for the whole is not the mean of 
the death-m(«s for the two parts. 
From this it is evident that when the death-rales of the com- 
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]ionent parte of a population are given, the death-rate of the 
whole population will lieiwrnl un the relative ]>roportion existing 
between the component parts of the population ; and any variation 
in these proportioua will eause a corresponding variation in the 
total deatli-rate. In order, therefore, Co ascertain the total death- 
rates from the death-rates of the parts, we must either kn< 
actual population of each comiwnent part or their relative pro- 
portions. 

Kevertin^ once more to the formula already given, viz., 

^^=death-rat<?. per unit of the population (a + b), it is 

evident that, where the total death-rate is given and the death- 
I'ate of one component part of the population, this same formula 
will enable us to find the death-rate of the remaining portion. 

Thus, taking the example already quoted from the Times 
newspaper. 

The death-rate of the army at home and abroad in 1885 = 11-12 
per 1000. 

The deatli-rate of the army at home = 6-68 per 1000. 

To find the death-rate of the army abroad. From the Registrar- 
General's returns, we find the strength of the total army in 1885 
= 198, 0G4; of the army at home = 91,579 ; of the army abroad = 
105,748. 

T, .u / 1 njr + /'y 1, ,-, 91579 xG'GS -I- 105748 xy 
B, th. torn.]. _5». 1M2 JJJ5JJ ', 

From whieh we obtain the result that i/= 15 nearly. 
Similarly, having given the death-rate of the army in the _ 
United Kingdom in 18H7 to be 5-3 per 1000, of the army abroad ' 
1 4*0, to find the death-rate of the total army, the strength of the 
army in the United Kingdom being 106,767, and of the army 
abroad 102,807. 

Death-rate of the whole army 

^ ft/ + fyy _ 106767 x 5-3 + 1028Q7 x U-Q 
a + h 106767 -H 102807 



The use of the death-rate per 1000 instead of per unit in these 
coleulations does not alter the result, as it affects both numerator 
and denominator equally. 

Another example may be taken. Having given the population 
of the twenty-eight great towns (including London) as 9,398,273, 
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and their death-rate per annum for the quarter ending December 
29th, 1888, as 19*8 i)er 1000, the population of London as 
4,282,921, and its death-rate for the same perioil 18*9 per 1000; 
to find the average death-rate for the other twenty-seven towns :— 

Let z= total death-rate, then — 

z = -^ ; whence 

a+6 

by = z(a-\'h)-axy 
z(a •\'h) — ax 

Th f ^ = ^ 98( 4282921 -h51 15352) - 18 - 9 x 42289 2 1 
ere ore y - 5115352 

105138598-5 ^a r • 

=:._-... = 20*5. 

5115352 

Fallacies arising from stating Deaths in Proportion to Total 
Deaths. These have already received consideration (pp. 124, 186). 
They present themselves under two heads. The deaths at one 
age are stated in proportion to the total deaths at all ages ; or the 
deaths from one cause are stated in proportion to the total deaths 
from all causes. In lx)th cases the same fallacy is involved. A 
relationship is attempted to be established hehceen two facfortt, 
both of which are vanable in value. An alteration in the total 
deaths on one hand, or in tlie deaths at one group of ages or from 
one cause on the otlier hand, might equally atfect the proportion 
between the two, though the conclusions to be d^a^\'n in the two 
cases would by no means be necessarily identical. 



CHAPTEK XXVIII. 



STATISTICS OF SICKNESS. 



TTTE have in Chapter Y. discussed tlie subject of registration of 
f V sickness, and liave emphasized tlie importance of a more 
general registration of sickness, not confined to tlie chief infectious 
diseases. 

So far aa the diseases notifiable imder the I;ifectious Disetises 
(Notification) Act are concerned, tliere is gmdually accumulating 
a valuable mass of infonnation, which will become more valuable 
with every additional year. It is impossible here to summarize 
any of this evidence, but the following figures for London, derived 
from the Annual Report of the Medical Officer of Health of the 
Administrative County of London, may be taken as examples. 

Case-Rate per Milijon of Population. 



1891. 


1892. 


1893. 


1894. 

274 
4300 
2600 

800 
1400 

60 

1920 


1895. 1890. 


Small-pox .... 27 
Scarlet Fever . : 2700 
Diphtheria . .1500 
Typhoid Fever . . . ! 800 
Erysipelas . .1130 
Puerperal Fever, (a) case-rate ) g^ 

per million of population 1 
(6) Case-rate per million births 1640 


1 
100 653 

6400 I 8600 

2000 '■ 3200 

600 900 

1630 2260 

80 90 

2550 2980 


223 ■ 50 
4500 5700 
2600 3100 

800 1 700 
1300 , 1430 

50 60 

' 1760 2040 

I 



The notification returns have been utilized by Mr. Shirley 
Murphy to form some very suggestive tables as to the seasonal 
variations in age-distribution of scarlet fever, and the seasonal 
variations of fatality of diphtheria and of scarlet fever. 

The tables show that the children under five years of age who 
were attacked with scarlet fever in London, 1892-6, constituted 
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at tilt' iKiginiiiiig and end of the year a larger proix>rtion of the 
totil nuni1>er of ]j<>rsons att^ickod than at other times. 

The fatality from scariet fever in London is highest in the early 
niontlis r>f the year, deeliniiig generally in succeeding months to 
a niininiuni in SeptemU'r or Octol>er. Corrections made for 
ilifleivncf* in age and sexnlistrilmtion of the cases of each month 
apiK?ared U) show tliat these differences were insufficient to account 
for thf* alwve variations in the fatality. The figures supplieil by 
diphtheria point in tlie same direction as those for scarlet fever. 



Tlie materials ara lacking for a complete study of the amount 
of illness in this country, in the al)sence of any complete 
system of registration of disease ; and estimates of the amount of 
non-inf(>ctious illness can only ].>e basetl on the records of sick- 
cluhs and lM?nelit societies, and the oDicial i-etunis of the Anny, 
Navv, 5in«l Police* 

No distinct line «»f demarcation exists lH?tween licalth and 
sicknc'ss, and tlic; two are connected by a series of intermediate 
states. Only siekni'ss which is sufticiently severe to involve 
continciiK'nt t<> IhmI or house, t»r to incapacitate for lalx)ur, is in 
|»raf'tice capable of bring registered; and even in regaixl to this 
disjibling sickness our information is very partial. 

The. following table, from the ailicle by Dr. Farr in McCulloch's 
Amnint of fh' lirlfiah Einpinf (1854), shows the time lost by 
sickn('ss and by accidental injury among the labourers in Ports- 
mouth and Woolwich dockyanls : — 



Portsiiioiitli 
Woohvicli . 



Mean 
XinnV>cr 

of 
Workiiion. 



5i)30 
2243 



•by 

Sickiipjw. 



27410 
10iiJ<3 



Constantly 
Day« Lost ' Constantly Suffering 

by ' Sick I from 
Accident*. I percent. Accidents 

I>tr cent. 



15590 
8594 



1-26 
1-29 



0-73 
1-05 



Con8tant]y 

111 

from lK>th 

CAQnes 

I)or cent. 

1-99 
2-34 



Tlie f<jllowing tal>le has been condensed from a similar table in 
a paper l)y Dr. J. IJertillon {Journal Royal Statutical Society, 
vol. Iv. part iv.). It gives a valuable summary of the sickness 
exj)eneiice of Friendly Societies. 



c T I f. r. 1 1 ? 1 — 

•z. •2> -c \^ z. -^ c-o 



t - 



I., I.. I., 



a 
< 

< 

3 






» 



•S3 



• ■••••«•*• • 

<^ la -^ lo to CD t» 00 o c^ CO 









00 ^■^ 



o 



oo 

o 

M 

g 
0$ 

H 

n 

s 



P4 

o 

PS 



GQ 

O 

P 

O 



S3 

O 

< 



Wd O rH 00 oo i-l tA A CS -^ O 

• ••••••••• • 

(OCOCD(0(Ot>«t»aOf->C^ f-) 



CO 



S^ 






a 
o 



^ 



'I' 
So 



COOho'NOiA^aOkOOOCO 

p"<*»coeoc*^oopqOr-^^>-^* 

cooooo^tAuaooooi-tcoA 



o 
oo 




n 

d 



^ 
g 



5's 



CO 0» t>- r-t 0» r-t 00 O O ©« "* »0 

'^t>»f;-tOOljH"<*«pt^»PPP w 

lO U3 kO lO 00 oo O) •-( A t>« CO •-« 

rH ft W CO C>l 



o 

00 



tAco(oaoooi-(aoiot»0)0 
eoTtt-^ipaftpcpoo^ooip 

O O O O 1^ C^.C^ C^ 00 » CO " 



CO 

to 






en 

S 
O 



00 CO f-H CO !-• o o lo 00 00 -^ a» 

ri 00 t>. CS O) -^ ^ 00 p CO Wd (N 
lOlA^iOQ9Q9Q9aOi-iOC4 00 






» 

« 
Q 



I 

s 



S'o S 



a 
«> 

S -^^ O Kf , 




to 

s 



I 

oo 



CO kO CO 00 oo CO f-i I I 

• •••• • 11 

o oa t^t^ 00 f-H ^ ' ' 



£23 



21 






00 



CO «>. r-t ©« 00 O W CO , , , 

• ••••■•• ill 

oi r-i CO to CO a» -^ o I I I 

rHrHrHrHrHrHdOO 



OOWdt^OOOOOOWdf-iO 

• ••••••••• 

00t^t>ia>OrH^t»00lO 



I I 

O rH ^ t» 00 Wd 
rH rH rH rH t-l rH 



•s S <R S "^ 

•ST s 7 .^ a ■-« 



tZ] 






00r-lCO0000t»tA00»Oa> 

• •••■••••• I I 

kO lO «0 CO t>i t» 00 CO O) 00 

>i^ «^ _^ ' 



I* 



P4 a 

dig 



I 
t- 

GO 



3 






s 



2 



00t»00k0C4kO»O0000OO 
(»O)^«p«9Aap^t740pp 

tbtboOOAr-ilOC^C^Wd^ 
t-i It CSI CO Wd 00 






OO-^O-^C^kOkOOOOO 
<NCOO^QO'^WdOOOCOkO 



lO kO CO t>iOO 



•-I kO rH CO O -^ 
rH i-i 04 OO *0 CO 



CO 

o 



Sf • o * 



a 
o 



< a 



OOO'*t*AC000'*t«<Ma»i0 
OiOQOCOkAO^OCOOOCO 

• •••••••••• 

COCOCOt»OOOC4kOrHC4eO 
rH rl i-i 01 00 lO 



M 
O 



OlOOOO'^-Y^^^^^^t^ SC)0 

OiOOW)OiOO«OOiOO'^j3 
04 C4 00 00 ^ ^ lA lO CO CO («• ^ 

s 



(^ 

t 



340 



VITAL STATISTICS. 



The following table is derived from the Report on Sickness and 
Mortality Experienced in Begistered Friendly Societies* : — 



Detcrlption and Naton of 
Experience. 


Exposed to 

Riiilc of 
Sieknen. 


Exposed to 
Risk of 
Death. 


Average rate per annam 
in weeks 


Of 

Sickneaa. 


Of 

Mortality. 


Males (1856-60) . 
Females, England and Wales ) 
(1856-75) . . J 
Wales, Males (1856-75) 
Males (1876-80) . 
Males (1861-70) . 


722888 

189122 

167255 
1662561 
1789582 


788891 

146798 

177897 
1662561 
1789582 


1-61 

2-84 

2-14 
1-89 
179 


•Oil 

•014 

•015 
•014 
•014 




4480808 


4565675 


1-88 


•018 



For the sickness statistics of the army and navy the reader 
is referred to the annual reports of the medical departments of 
these services. 

* Eyre and Spottiswoode, 10». 9d, 



CHAPTER XX [X. 



MISCELLANEA. 



GRAFHIO Methods. It had been inleniled to write a 
sfiecial chapter dealing with graphic methods of stating 
statistical facta. Instead of thia, ilhiatrationa of the method 
have been introJuced throughout the book, which it is hoped 
will aulEciently prove the value of thia method. The speuial 
application of the graphic method to the construction of a 
hfe-tablo is given oti p. 266, and a similar method is described 
on p. 346 for cancer mortality. 

Certain cautions are required in applying the graphic method. 
By comparing curves, the scale of which is nbt identical, an 
erroneous conclusion has often been obtained. I am now speaking 
of diagrams constructed as parallelograms, of which th& length 
(axis of the abtcitta) represents time, and the height {axia of tlie 
ordinates) represents mortality. A remarkable instance from 
Dr. Wallace's writings of the fallacy introduced by compressing 
the vertical scale of a diagram is given by Dr. McVail {Vacnna- 
iion Vindicated, p. 2 et seq.). The fallacy introduced by such 
a reduction of the vertical scale can be demonstrated by 
ascertaining the average death-rate from a given cause for a 
series of years, and then stating the death-rate for each year 
as a percentage deviation from this average death-rate (Buchan 
and MUeheiFs method). An example of thia method is given 
in Fig. 25. 

Spot map» are frequently employed to indicate the incidence of 
infectious diseases in a town. It is doubtful if the mapis of this 
description, pulilished in the annual imports of the Metropolitan 
Asylums Board and of many medical officers of health, have more 
than a fractional value. They serve rather to indicate the density 
of population and the districts in which the largest proportion of 
childten live, than the true prevalence of an infectious disease. 
Perhaps an exception may be mode in the cose of spot maps of 
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ttie annual inciiimice of typhus fever, as these wouM cuniinaiily 
indicate liistricta requiiing the apiilicalion of the Housing of the 
Working Clasees Act. Tliu true iilility of a spot map coiieiBta in 
its omplojnient in the office of a, medical otiiuer of healtli, where 
each case, plotted out as soon as it is notilied, may serve to 
indicate the course of infectioa 

Means and Averages. Throiighont this work these t^rms huve 
been employed as interchangeable and as indicating the nrith- 
Tuetical mean uf a given seriea. It must be noted that if the 
mean of a series of dealh-rates a, b, c, d, and e is taken in 

accordance with the formula, arithwetieal ntean= — — — — — — i-, 

an error is introduced if the number of deaths or of the 
population varies in the different yeara. The only accurate 
method is to add together the populations for each of the series 
of years, then the deaths in like manner, and from these deduce 
the mean death-rate for the entire period, (See footnote, p. 212.) 
In mathematics there are three other means, vii. : — 
the ijeo}netrie mean, Va 6 c d e, 



the haiTnonic mean, 1 1 I 1 1 



and the qtiatlraUe mean, 



/ a^ + h^ + i^ 



I 



If the terms of the series are equal, the ahove means an 
identical. If the terms are unequal, the quadratic mea: 
highest, neKt the arithmetic, and then the geometric and harmonic 

The value of a series of observations increases with the number 
of observations. The value of a given series may nlso be tested 

by taking mccemve mean». Thus if ^\ ^±|i-^ '' + ^ + ''+''' 

and so on bo cniculated, marked differences in means may be at 
first visible, but Ihey become rapidly smaller with increasing 
length of the seriea if the series is a trustworthy one. The error 
of a given series is the deviation of its individual terms from its 
mean. The mean error in excets is the arithmetical mean of the 
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errors of those terms above the mean of the series; the niean 
error in dejicienq/, the arithmetical mean of .the errors of those 
terms below the mean of the series ; while the inean eiror of fhe 
series is the average of these two. 

The probable error is obtained by multiplying tlie mean error of 
the series (derived as above) by '67449 or by J. The errors would 
fall short of this quantity as often as they would exceed it. 

The error of mean square is obtained from the (juadratic mean 
as follows : — If (j = quadratic mean, and a = arithmetical mean, in 
a series of n tenns, then 

error of mean square = -^- . 

71- — n 

(For a full discussion of the above subject see Radicke, op. cit,, 
De Morgan's Essay on Probabilities , and Airy's Errors of Obser- 
vaiions, p. IS et seq.) 

For a statement of Poisson's formula see p. 323. 

Fatality. The case-mortality, or fatality of patients, must be 
stated in proportion to the number of cases treated. 

The usual plan is to divide the deaths multiplied by 100 by 
half the sum of the admissions, discliarges, and deatbs for the 
year, or the period of inquiry. The importance of classifying 
patients according to age must not be overlooked. 

Probability of Becurrence of a Disease apart from Infection. 

In attempting to solve problems as to the special incidence of a 
particular house or group of houses, e.q., phthisis or cancer, tbere 
are serious fallacies, unless special precautions are tiiken. First, 
there is the question of chance. It may be a mere coincidence 
that successive cases of, let us say, cancer have occurred in a 
particular dwelling. De Morgan showed that if a sufiicient 
number of persons were set to work tossing pence, one of these 
persons would eventually, if he continued tlie operation for a 
sufficient length of time, turn up " heads " for a thousand times 
in succession, without a single interval of "tails." It is plain, 
therefore, that the fact that several successive families living in a 
house have each had members sull'ering in this house from cancer, 
does not necessarily prove a causative relationship between the 
condition of the house or of the soil on which it is built, and the 
origin of the disease. 

Secondly, there is the question of age-incidence. The tendency 
to cancer increases rapidly with advancing years. As according 
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to Dr- Ogle's calculations at least one out of twenty-one men and 
one out of twelve women who reach the age of 35 eventually die 
from canuer, it wouM be surprising if in residential towns and 
districts there did not frequently occur a succession of deatiu 
from cancer in a particular house or group of hoiisefi. Careful 
correction must be njode for age-dislribiition of the population, 
and the amount of cancer in the houras investigated shown to bt^ 
very markedly in excess of that lu others, 1>e[ure any influence of 
locality or house-infection can safely be ptedii:ated. 

Dr. Jtivon, in his annual report for the city of Manchester for 
1897, gives the following investigation of the house-incidence of 
enteric fever, in which (apart from the question of age-incidence, 
which probably does not seriously affect the conclusions in tliie 
case) correct mothoda are pursued. 

He first assumes that all the houses in the city are equally 
liable to invasion. Then, excerpting the average number of 
houses affectuil once in the seven years, the chance of any o ne 
house being affeuteil in any one year is ^^H 

_ Average number of houses affected ^^H 

Average number of occupied houses ^^| 

Let m be the number of years over which the inquiry extends^ 
The chance of any house being affected in two different years is 

''- — '^ " '' and the chance of a house being thrice invaded in 



separate years is 



m(m^l)(m-3 ) 



The number of housea 



which we should expect to Ije invaded on these suppositions is :- 






Affected twice, 

the city ; affected thrice 

occupied houses in the c 

Now 



X average number of occupied houses ii 



^m{m-l)(,n-2) ^ 



average number of 



Hence 



^'njm-l) 



X average number of houses = 47'2. 

The actual number twice invaded is 78. The excess of actual 
over the calculated recurrences is thus 31, or if we reckon the two 
double recurrencBB, 33. '^"'(w-l) ("-2' 



X average number of 
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houses = 0'35, while the actual number of recurrencee three times 
ia 2, It will ho seen, then, that there is an excess of actual 
recurrences, but not a great and striking excess. It may bo 
douhted, however, whether the persistence is to be looked for so 
much in the house itself as in neighbouring houses, aesumlng that 
it is due to growth of infective matter in the soil outside the 

Tben, moreover, we should perhajia expect the excess to be' 
more marked if we take successive years. 

The expectation of recurrence in successive years, the number 
of the years being seven, is 6a^, and the number of such expec- 
tation recurrences is 13'5, The number of actual recurrences is 
20. Here also, then, there is an excess of the actual over the 



expectatio; 

Dr. Niven concludes that the facts would probably yield i 
evidence if examined in a more elaborate manner, Thus, for 
example, the hst of recurrences show a special tendency to 
recurrence in West Gorton, and a separate calculation for that 
district would probably yield more evidence of persistence. On 
the other hand, the calculation will not stand small Ggures, being 
essentially of a rough character, and suhject to material deductions 
on the ground of doubtful diagnosis. 

Oalcnlation of Population of Sub-Districts. When the popu- 
lations of a town or district and of its constituent sub-districts are 
calculated by the Kegiatrar-Gencral's method, the summation of 
the latter is not equal to the former. The correct populations for 
the sub-districts may be obtained by the use of the following 
formula given by Dr. L. Parkes (Public Health, vol. v. p. 191). 
First, the populations of the district and of its sub-districts are 
calculated by the Registrar-General's method (p. 6). 

Then, if P=estimated population of entire district in 1898, 
andp^cetisus „ „ „ 1891; 

and if Pj, P^ P^ = 

estimated populations of the constituent sub-districts in 1S9S, 
andp„;j,^3--= 

census populations of the constituent sub-districts in 1891, 

thenP^PiP+^P+?^ P, 
P P P 

where -^IP ^P and ^P 
P P P 

are the correct populations of the three sub-diatricta in 1898, 
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Aids to Calculation. 1 1 is nssumeil throughout that the 
stiKleiit is familiar with the use of tables of logarithms. I have 
founil Jackson's Accented Five-figure Loga,rit]uus (W. H. Allen 
and Co.) very useful, as with these it is unnecessary to calculate 
differences. For the miyority of the calculations required in 
medical statistical work, CreU^'s ^lulti plication Tables, or the 
Direct Calculator of M. B. Cotsworth (York, 21«. nett) are morp 
expeditious than logarithmic tables, and simply invaluable for 
everyday work. FulJer'a Slide Rule is also useful, but in my 
experience is not so convenient as Crell^'s or Cotsworth TaW 
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The Bertillon Olaasiflcation of Causes of DeatlL Wliile this 
Edition is passing through thu prtss, the author's attention has l>een 
drawn to this system, which is about to be ndupted in the Vuited 
States, Canada, and Mexico, and possiblv in other countries, as well 
as France. It lias an anatomical uosis, like Fart's classilication, and 
can ix eniployed so as to include 40 diseases, or 69, or 14S, according 
as a li;ss or more complete classification is leijuiied. The three artange- 
nieiits are arranged so that statistics obtained under any one o f Qie 
three are comparable. 
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